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XII 
Effect of Salinity and Irrigation Frequency on Seed Germination, Seedling 
Growth and Mineral Content of Five Forest Tree Species 
Abstract 
Three studies were carried out to evaluate the effect of salinity and 
irrigation Frequency on seed germination and seedling growth of Acacia 
nilotica, Acacia senegal, Albizzia lebbeck, Caseuiarina equisetifolia and 
Eucalyptus camaldulensis. The first experiment evaluated the effect of 
salinity on seed germination parameters under laboratory and nursery 
conditions. Five concentrations of saline solution with electric conductivity 
(EC) of 0.4, 2, 5, 10 and 15 dSm
-1
 were prepared and used. Seeds were 
germinated using petri dishes in the laboratory and pots in the nursery. 
Seeds were irrigated with the assigned salinity solution throughout the 
course of the germination test and germination counts were performed 
daily for 25 days. The results showed that significant effect on seed 
germination where total germination percentage decreased gradually with 
increase of salinity levels. On the other hand germination rate increased 
with increasing salinity level except for A. senegal. Under the laboratory 
conditions the highest salinity level tested (15 dSm
-1
)  A. lebbeck showed 
the highest germination percent (58%) followed by A. nilotica (38%) and 
A. senegal (36%) and lower tolerance by C. equisetifolia (17%) and E. 
camaldulensis (10%). Similar trends were observed under the nursery 
conditions, except that A. lebbeck dropped to 20% at EC of 15 dSm
-1
. 
Using the criteria of 50% reduction in germination percentage as compared 
to 0.4 dSm
-1
, A. lebbeck, A. nilotica and A. senegal were classified as salt 
tolerant and C. equistifolia and E. camalduleensis were as moderately salt 
tolerant at seed germination stage. The second experiment investigated 
the above salinity levels (EC 0.4, 2, 5, 10 and 15 dSm
-1
)
 
of irrigation water 
on seedling growth, survival and mineral content.  Application of 
XIII 
treatments started after 45 days from seed sowing, using for irrigation the 
prepared saline solutions every three days until the end of the experiment 
and four serial harvests were carried out from seedlings. The results 
showed a significant effect of salinity on growth parameters with variation 
in tolerance among the five species. Generally, the increase of salinity was 
associated with a decrease in shoot, root and total dry weights and 
increased Na
+
, Cl
-
 and Ca
2+
 contents of shoot and root tissues. Using the 
criteria of 50% reduction in seedling weight compared 0.4 dSm
-1
, A. 
nilotica was tolerant to salinity followed by E. camaldulensis, A. lebbeck, 
A. senegal and C. equisetifolia. On other hand, C. equisetifolia showed the 
highest survival percentage (95%) in high salinity level (15 dSm
-1
) 
followed by A. lebbeck 80%, E. camaldulensis 60 %, A. nilotica 50% and 
A. senegal (25%). The third experiment investigated the effect of water 
stress on seedling growth and survival. Five irrigation frequencies (every 3, 
6, 9, 12 and 15 days) were applied after 45 days from seed sowing and four 
serial harvests were carried. The results showed that irrigation frequency 
had significant effect on most of the measured growth parameters and the 
species varied in their tolerance to water stress. Using the 50% reduction in 
weight as compared to 3 days A. senegal was rated as the most tolerant to 
water stress, followed by C. equisetifolia, A. nilotica, E. camaldulensis and 
A. lebbeck. High survival percentages were observed even at every 15 day 
irrigation frequency, where A. nilotica, C. equisetifolia and A. lebbeck had 
100% followed by senegal (85%) and E. camaldulensis (75 %). The results 
of the three experiments revealed that the species are generally drought and 
salt tolerant with variation among them. Species tolerance to salt and was 
not entirely consistent with that to drought.  
 
 
 VIX
 بسم الله  الرحمن الرحيم
  إوااتِ  خمسة في  ومحتوى العإبصر إمو الشتلة البذرة و  إبباتِ  على الَر يَّ  الملوحة َو فترة تأثير
  ببيةتِ  ششريةتِ 
 مستخلص البحث
 شريا ثلاث دراسبا مإفصلة لتقييم تأثير الأشهبد الملحي والمبئي على الاإببا وإمو شتلاا 
. خمس  إواا ششرية  ببية وهي السإط و الهشبة و دقن الببشب و الكبزوريإب و اليوكبليبتوس
 إفذا لتقييم تأثير الملوحة على متغيراا الاإببا للبذور تحا الظروف المعملية التجربة الاولى
 ( م/ د س51 و01، 5، 2، 4.0حضرا خمسة تراكيز ملحية بتوصيل كهرببئي . والمشتل
mSd(
تم استخدام اطببق  ختببر زشبشية في المعمل واواإي تحتو  على .  واستخدمت بماء الري1
رويا البذور بشكل يومي، وسشل عدد البذور الإببتة يوميب لمدة . الرمل في المشتل لاإببا البذور
 ظهرا الإتبئج تأثير معإو  كبير على اإببا البذور، حيث اإخفضا .  يوم من بدء الزراعة52
متوسط عدد (من إبحية اخرى زاد معدل الاإببا . إسبة الاإببا تدريشيب مع زيبدة مستوى الملوحة
  ظهر إوا .مع زيبدة تركيز الملح بإستثإبء إوا الهشبة في اطببق زشبشية )الايبم اللازمة للاإببا
 51(في التركيز الأعلى  % 85دقن الببشب تحمل  على في إسبة الإإببا حيث حصل على إسبة 
، وكبإا الكبزوريإب اقل تحمل بإسبة %63والهشبة بإسبة % 83، يليه السإط بإسبة )م/دس
وبإسة متشببهب في اختببر المشتل بإستثإبء .  في اختببر المعمل% 01واليوكبليبتوس بإسبة % 71
 استخدما من ناحية اخرى. م/  دس51عإد تركيز  % 02دقن الببشب حيث حصل على إسبة 
كمعيبر لتحمل الملوحة حيث حصل دقن الببشب والسإط والهشبة على إسبة % 05إسبة الاإببا 
م، لذا / دس5م بيإمب الكبزوريإب واليوكبليبتوس عإد تركيز / دس01عإد التركيز % 05اإببا 
يمكن تصإيف دقن الببشب والسإط والهشبة كمتحمل للملوحة و الكبزوريإب واليوكبليبتوس كمتحمل 
 إفذا لتقييم تأثير الملوحة على الإمو والبقبء ومحتوى :التجربة الثانية. ببعتدال في مرحلة الاإببا
 4.0(العإبصر في  إسشة الإببا لشتلاا خمس  إواا  ببية، استخدم خمس مستويبا من الملوحة 
 يوم من بدء الزراعة، اضيف 54بد ا المعبملة بعد . في مبء الر  )م/ دس51، 01، 5، 2، 
حصدا كل الشتلاا على . الملح الى مبء الر  وروية الشتلاا كل ثلاث  يبم حتى إهبية التشربة
 ظهرا الإتبئج تأثيرا ًمعإويب ًعلى معظم متغيراا الإمو مع زيبدة تركيز .  ربع فتراا متسلسلة
بشكل عبم كبإا الزيبدة في تركيز الملوحة . الملوحة، بدرشبا مختلفة بين الاإواا الخمسة
مرتبطة بأإخفبض في الوزن الشبف الكلي والخضر  والشذر  وزيبدة محتوى الصوديوم 
 VX
والكلور والكبلسيوم في اإسشة المشموا الشذر  والخضر ، ببستخدام الوزن المبدة الشبف عإد 
م كمعيبر للتحمل اعتبرالسإط متحملا ًللملوحة / دس4.0مقبرإة ببلوزن الشبف عإد مستوى % 05
م، يليه دقن الببشب واليوكبليبتوس والهشبة لوحظ عإد / دس4.0م مقبرإة / دس01عإد تركيز 
من إبحية . م/ دس2بعد تركيز  % 05م، امب الكبزوريإب فقد اإخفضا الى  قل من / دس5تركيز 
يليه دقن  )م/ دس51(في التركيز الأعلى  )%59(اخرى  ظهرا الكبزوريإب إسبة بقبء عبلية 
 إفذا :التجربة الثالثة. فقط% 52والهشبة % 05والسإط % 06واليوكبليبتوس % 08الببشب 
استخدما خمس . لتقييم تأثير الاشهبد المبئي على الإمو والبقبء لشتلاا خمس  إواا ششرية  ببية
 يوم من بدء الزراعة وحتى إهبية 54 يوم بعد 51 و21، 9، 6، 3فتراا ر  على الشكل التبلي 
 ظهرا الإتبئج تأثيرا ًمعإويب ًعلى . حصدا كل الشتلاا على اربع فتراا متسلسلة. التشربة
 ستخدما إسبة . معظم متغيراا الإمو مع زيبدة الفتراا بين الر ، وبدرشبا مختلفة بين الاإواا
كمعيبر لدرشة التحمل  )ثلاث ايبم(من الوزن الشبف مقبرإة ببلوزن في فترة الر  الاقل % 05
 51(في فترة الر  الاطول  % 05اعتبر الهشبة كمتحمل لحصوله على إسبة . للاشهبد المبئي
 يوم ودقن 9 يوم والسإط والببن بفترة 21، يليه الكبزوريإب بفترة ) يوم3(مقبرإة ببلفترة الاقل  )يوم
من إبحية ًاخرى لوحظا إسبة البقبء العبلية للاإواا المدروسة حتى في فترة .  يوم فقط6الببشب 
، يليه الهشبة %001، حيث الكبزوريإب والسإط ودقن الببشب بقية الإسبة ) يوم51(الر  الاعلى 
 %. 57واليوكبليبتوس % 58
كشفا إتبئج التشبرة الثلاث ببن الاإواا الخمسة عمومب متحملة للشفبف والملوحة مع وشود تببين 
 .ولا يعإي تحمل الإوا للملح تحمله للشفبف والعكس صحيح. بيإهمب
 
 
 
 
1 
CHAPTER ONE 
INTRODUCTION 
1.1. Background  
Plants in arid environments are faced with several environmental stresses 
like drought, salinity, high temperature and high irradiance. The ability of 
plants to adapt to these stresses is often related to both water and salinity. 
Water status is the most important environmental factor that determines 
plants productivity, due to the vital role of water in the plant's life. 
Responses of forest tree species to water stress have widely been 
documented (Ibrahim et al. 1997; El-Juhany and Aref 1999; Aref and El-
Juhany 2001). 
The ability of plants to function under conditions of low soil moisture 
content depends on their capacity to adjust form and function to offset the 
damaging impact of negative water potentials in the soil and atmosphere. 
This capacity for adjustment, or acclimation, is presumed to be a complex 
genetic trait involving a range of physiological mechanisms. Investigation 
of these mechanisms may elucidate the behaviour and productivity of 
plants adapted to dry habitats as well as the capacities of other species to 
grow in drought-prone environments. At least three mechanisms of 
acclimation to soil drying conditions have been identified. It is likely these 
mechanisms occur in vascular plants and that they operate together. It is 
thus important to consider them together, in relation to the gradual 
development of drought and in relation to plant growth. 
The first mechanism involves a shift in the allocation of photosynthetic 
assimilates from shoot to root. It is widely reported that soil drying 
stimulates root growth and proliferation deep into the soil profile 
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(Molyneux and Davies 1983). Such structural changes in rooting are 
generally correlated with a reduction in shoot growth (Kramer 1983). 
Water deficits reduce leaf expansion rate and stem elongation (Steinberg et 
al. 1990). Therefore, under soil drying more assimilates are partitioned to 
the roots, which increase the root fraction of total biomass (Kramer 1983). 
This can be seen as an important adaptive response to water stress by 
reduction of transpiration demand relative to water absorption (Pallardy 
1981). The overall result of this combination of changes may be an 
increase in the root growth in absolute terms (Malik et al. 1979; Sharp and 
Davies 1979), or relative to shoot growth (Osonubi and Fasehun 1987). 
However, extreme soil drying ultimately reduces root growth (Seiler and 
Cazell 1990).  
The second mechanism of acclimation involves osmotic adjustment by 
increasing the concentration of solutes in the symplast. Accordingly, turgor 
can be maintained at low tissue water potentials that enables water to 
continue to be extracted from dry soil. The turgor allows stomatal opening 
and cell expansion (Turner 1986), root growth (Sharp and Davies 1979), 
and increases in productivity (Morgan 1994).  
The third mechanism of acclimation is the closure of stomata in response to 
a reduction in soil water content. The closure is correlated with a decline in 
leaf turgor as a consequence of low water potential (Kramer 1988). Under 
certain circumstances, stomatal closure in response to low soil moisture 
can occur despite a high leaf water potential (Bates and Hall 1981).  
Irrigation water contains some of the minerals, including calcium (Ca
2+
), 
magnesium (Mg
2+
), and sodium (Na
+
) (Serrano et al. 1999). The water 
evaporates and transpires, leaving Na dominant in the soil (Serrano et al. 
1999). Salinity reduces the ability of plants to utilize water and causes a 
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reduction in growth rate, as well as changes in plant metabolic processes 
(Munns 1993 and 2002). 
Plants are not incompatible to salts, but most of the plants do not grow in 
saline soils. Globally, soil salinity is more common in arid and semi-arid 
regions than in humid regions. An understanding of responses of plants to 
salinity is of great practical significance. High concentrations of salts have 
detrimental effects on plant growth (Garg and Gupta 1997) and excessive 
concentrations kill growing plants (Donahue et al. 1983). High salinity was 
reported to retard germination and seedling growth (Garg and Gupta 1997 
and Ramoliya et al. 2006). Plant species differ in their sensitivity or 
tolerance to salts (Brady and Weil 1996). There are many types of salts and 
almost an equally diverse set of mechanisms of avoidance or tolerance. In 
addition, organs, tissues and cells at different developmental stages of 
plants exhibit varying degrees of tolerance to environmental conditions 
(Munns 1993).  
High salt concentration in root zone affects plant growth mainly through 
osmotic effects on water uptake and specific ion toxicities (Munns 2002 
and 2005). Salinity stress affects nutrient uptake, transport and utilization 
of different nutrients (Grattan and Grieve 1999) resulting in an excessive 
accumulation of Na and chloride (Cl
-
) in tissues (Saqib et al. 2005). A wide 
array of adaptive mechanisms has been reported in higher plants to cope 
with salinity stresses. These adaptive mechanisms include ion exclusion, 
ion inclusion, ion uptake selectivity, ion homeostasis, compartmentation 
(Marschner 1995; Borsani et al. 2003; Flowers 2004 and Saqib et al. 
2005). Variations in these adaptive mechanisms are responsible for 
differences in tolerance or resistance of plants against these stresses. 
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Plants growing under saline conditions are stressed basically in three ways; 
(1) reduced water potential in the root zone causing water deficit, (2) 
phytotoxicity of ions such as Na
+
 and Cl
-
, and (3) nutrient imbalance by 
depression in uptake and/or shoot transport and impaired internal 
distribution of mineral nutrients and Ca
+
 in particular (Munns and Termaat 
1986; Ashraf 1994; Marschner 1995; Ahmed and Ahmed 2007). 
1.2. Research objective  
The main objective of this study was to evaluate the physiological and 
morphological responses of Acacia nilotica, Acacia senegal, Albbizia 
lebbeck, Casuarina equisetifolia and Eucalyptus camaldulensis under 
increasing levels of salinity and water stress. 
The specific objectives were to the study effect of following on the five 
above mentioned tree species: 
1) Salinity level on germination. 
2) Salinity level of irrigation water on seedling growth and 
accumulation of Ca, Mg, Na and Cl. 
3) Irrigation interval on growth variables.  
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CHAPTER TWO 
LITERATURE REVIEW 
Introduction  
Plants in arid environments are faced with several environmental stresses: 
drought, salinity, high temperature and high irradiance. The ability of 
plants to adapt to these stresses is often related to both water and salinity. 
Plant responses to salt and water stress have much in common. Salinity 
reduces the ability of plants to take up water, and this quickly causes 
reductions in growth rate, along with a suite of metabolic changes identical 
to those caused by water stress. The initial reduction in shoot growth is 
probably due to hormonal signals generated by the roots. There may be 
salt-specific effects that later have an impact on growth; if excessive 
amounts of salt enter the plant, salt will eventually rise to toxic levels in the 
older transpiring leaves, causing premature senescence, and reduce the 
photosynthetic leaf area of the plant to a level that cannot sustain growth. 
2.1 Salinity  
Salinity is the total concentration of salt dissolved in water or soil and 
affects the ability of plants to extract moisture from the soil. Plants have 
evolved to adapt to osmotic and ionic stresses caused by high salinity. The 
mechanisms of adaptations include osmotic adjustment that is usually 
accomplished by uptake of inorganic ions as well as the accumulation of 
compatible solutes (osmo-protectants). Inorganic ions are sequestered in 
cell vacuoles (Binzel et al. 1988) while organic solutes are 
compartmentalized in the cytoplasm to balance the low osmotic potential in 
the vacuole. 
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2.1.1 Measurement of salinity 
Salinity is measured by the total soluble (or dissolved) salt (mineral 
constituents) in water as milligrams per litre (mg/L) of total soluble salts 
(TSS) or total dissolved salts (TDS). Another measure is conductivity, 
measured by an electronic probe or conductivity meter. Soil salinity is 
determined by measuring soil electrical conductivity (ECe) of solution 
extracted from a water-saturated soil paste with units of deciSiemens per 
meter (dSm
-1
) or millimhos per centimeter (mmhos/cm). Both are 
equivalent units of measurement and give the same numerical value 
(ASAM 1990). 
2.1.2 Causes of salinity  
Soil salinity may be a result of various causes; some are attributable to the 
origins of the soils. Saline soils in arid zones are usually found in 
depressions where salts concentrate as a result of excessive evaporation. 
Soil salinity may also be due to high water tables and bad drainage in salt 
bearing soils. Moreover, it may develop as a result of irrigation with saline 
water (Hafeez 1993). Salinity in agricultural land is usually confined to 
arid and semi-arid regions where rainfall is not adequate to leach salts from 
the plant root zone (Al-Galoud and Hussain 2004). 
2.1.3  Sodium adsorption ratio (SAR) 
The tendency for Na to increase its proportion on the action exchange sites 
at the expense of Ca and Mg is estimated by sodium ratio (SAR), which is 
calculated as follows:                 
𝑆𝐴𝑅 =
𝑁𝑎
 𝐶𝑎 + 𝑀𝑔
2
 𝑚𝑚𝑜𝑙𝑒/𝑙 
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The alkali hazard involved in the use of water for irrigation is determined 
by the absolute and relative concentration of the actions (Na
+
,Ca
++
 and 
Mg
++
). If the proportion of Na is high, the alkali hazard is high; and 
conversely, if the Ca and Mg predominate, the hazard is low (Richards et 
al. 1969). 
2.1.4  Water Quality investigations 
The impact of rising salinity depends on the water end use (Leth and 
Burrow 2002). The quality of irrigation water is adversely affected by high 
sodium concentration. This is because sodium adsorption on the soil 
exchange sites, disperses the soil aggregates, reduces the macro-pores of 
the soil, and hence its hydraulic conductivity (Hamid and Mustafa 1975). A 
small value of sodium adsorption ratio indicate a desirably Na content 
(Donahue et al. 1983).  
The quality of irrigation water is judged not only by the total salts 
concentration, but by the kind of salts it contains and the individual ions 
involved. Richards et al. (1969) placed irrigation water into four broad 
classes based on interaction of total salt concentration and SAR, and 
graded the degree of salinity hazard: 1 - 2.5, 2.5 - 7.5, 7.5 – 22.5, and > 
22.5 dSm
-1 
are low, medium, high, and very high, respectively, and 
classified SAR (alkali) hazard: 0 - 10, 10 - 18, 18 - 26, and > 26 are low, 
medium, high, and very high, respectively. 
Ayers and Westcot (1985) divided water quality into three degrees of 
severity: less than 0.7 dSm
-1
 as none severe, 0.7 dSm
-1
 to 3 dSm
-1
 slightly 
to moderate and greater than 3 are severe. They classified the specific ion 
toxicity (affect on sensitive crops) using SAR of surface irrigation water: 
less than 3 not severe, 3 to 9 slightly to moderate and greater than 9 are 
severe. These divisions are arbitrary since change occurs gradually and 
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there is no clear-cut breaking point even though they were adopted by 
Abrol et al. (1988).   
2.1.5 Saline and alkaline soils 
Normal plant growth is severely damaged by salt, which in turn damages 
the soil physical and chemical properties. One of the first effective 
classifications of saline and alkaline soils was developed by Hayward 
(1954) and Richards et al. (1969). They classified salt affected soils into 
three major categories: - saline, sodic and saline sodic 
2.1.5.1 Saline Soils  
Salinization is the increase of the total soluble salt concentration in the root 
zone of the soil profile. Saline soils are defined as those having ECe of the 
saturation extract greater than 4 dSm
-1
 and an exchangeable sodium 
percentage (ESP) less than 15. The pH of saturated soil paste of 
noncalcareous soils is usually less than 8.2. These soils have good 
permeability for water comparable to normal soils, no dispersion, good 
aeration, and neutral or near neutral pH. Their harmful effect on plants is 
caused by decreasing the osmotic potential of soil water, and through 
toxicity of specific ions mainly (Na, Cl) (Abrol et al. 1988 ; Mustafa 2007). 
The total concentration of soluble salts can be adequately expressed for 
purposes of diagnosis and classification in terms of electrical conductivity. 
2.1.5.2 Sodic soils  
The definition of soil sodicity has proved to be controversial (Charters 
1993; Sumner et al. 1998; Rengasamy and Churchman 1999 and Levy 
2000). Generally, soil sodicity is assessed by the ratings of the ESP and/or 
SAR. These two parameters are prepared and calculated in different ways 
(Rangasamy and Churchman 1999). Sodic soils are defined as those whose 
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ESP is greater than 15 and in which the conductivity of saturation extract is 
less than 4 dSm
-1
.
 
The pH of these soils usually ranges between 8.5 and 10 
due to hydrolysis of adsorbed sodium in the absence of electrolytes in the 
soil solution (Doneen 1970 and Mustafa 2007). These soils are dispersed, 
have poor aeration, and permeability of soils to water is, therefore, 
restricted. Effect of excess exchangeable sodium on plants is due to 
nutritional imbalance and toxicity of specific ions mainly Na, CO3 and 
Molybdenum (Mo). 
2.1.5.3  Saline Sodic Soils  
Sodicity alters soil structure making water less available for plant growth 
(Leth and Burrow 2002). Sodication and salinzation occur naturally but 
they may be accelerated by adverse human activities (Mustafa 2007).  
The conductivity of the saturation extract of saline sodic soils is greater 
than 4 dSm
-1 
and their ESP is greater than 15. The pH of these soils is 
usually less than 8.5, because in the presence of excess salt, adsorbed 
sodium does not readily hydrolyze (Kamil and Shainberg 1968).  
2.1.6 Impacts of salinity 
Salts have two major effects on plant growth, namely osmotic effect and 
specific ion effect. 
2.1.6.1 Osmotic effect  
The uptake of water by plant roots is restricted by the decrease on osmotic 
potential (Kajaji and Nalborczyk 1991). Weatherley (1963) stated that 
“when the rate of salts supply from the medium exceeds the rate of ion 
uptake by the cell, the salt concentration in cell walls will build up and the 
water potential of cell wall will be reduced causing desiccation of the 
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vacuoles and reduction in turgid pressure, and even death of the tissue. 
Thus, the damage will not be as a result of water potential gradient from 
external medium to tissue, but to the concentration and water potential 
gradients within the tissue”. Donahue et al. (1983) stated that “high 
concentration increases the potential forces that hold water in the soil and 
makes it more difficult for plant roots to extract the moisture. During 
drying period, salt in soil solution may be so concentrated as to kill plants 
by pulling water from them”. Richards (1954) stated that “the primary 
harmful effect of excessive salinity is the increase of the concentration of 
soil solution; in consequence, the flow of water into the plant by osmosis is 
reduced or reversed and the plant is starved of water even though the soil is 
moist”. The presence of large amount of soluble salts in the root zone may 
restrict water uptake by plants and may cause physiological and metabolic 
disorder (Kajaji and Nalborczyk 1991 and Afzal et al. 2006).  
2.1.6.2 Specific ion effect  
Excessive levels of ions such as Na
+ and Cl- in waters and soils may cause 
specific ion effect in plants leading to toxicity or deficiency of certain 
nutrients (Munns 2002 and 2005). Under salt-affected conditions, 
concentrations of Na
+ and Cl- often exceed those of most macronutrients by 
one or two orders of magnitude, and by even more in the case of 
micronutrients. Thus, salt-affected soils may have depressed nutrient–ion 
activities and extreme ratios of Na
+ /Ca2+ , Na+ /K+ , Mg2+ /Ca2+ and Cl- /NO
-3
 
(Curtin and Naidu 1998 and Grattan and Grieve 1999). 
Salinity impairs the uptake of Ca by plants, possibly by displacing it from 
the cell membrane or in some way affecting membrane function (Lauchli 
1990). It is known that Ca has an ameliorating effect on growth of plants 
under saline condition (Bernstein 1970 and Epstein 1972). Gorham (1993) 
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indicated that all plants discriminate to some extent between Na and K. Na 
can be substituted for K for uptake, and it is believed that similar 
mechanisms of uptake may operate for both ions (Schorder et al. 1994). 
Rains and Epstin (1967) showed that Avicenna marina is characterized by 
an absorption system in which excess Na usually inhibits K uptake and it is 
absorbed preferentially. However, the presence of NaCl caused some 
increase in K uptake. It is logical to expect that halophytes and salt tolerant 
plants would have developed a mechanism for the preferential uptake of K 
from mixtures rich in Na (Epstein 1972). The effect has been ascribed to 
Ca preventing the uptake of the toxic Na and promoting the uptake of K 
(Waisely 1972). Also, Ca and K ameliorate the adverse effects of salinity 
on plants (Volkamar et al. 1998). 
2.1.7 Effects of salinity on plant growth 
Plants in natural environment are being exposed to increasing amount of 
salinity. One-third of the land being irrigated worldwide is affected by 
salinity, but salinity also occurs in non-irrigated land (Allen et al. 1994). 
The response of plants to the level of soil salinity can be described by (Aref 
et al. 2008) as follows: From 0 - 2 dSm
-1
 can be considered as negligible 
amount, and when it is increased to 4 dSm
-1
 the growth of sensitive plants 
may be restricted, and between 4-8 dSm
-1
 the growth of many plants could 
be restricted, while between 8-16 dSm
-1
 only tolerant plants can grow 
satisfactorily and above 16 dSm
-1
 only a few, very tolerant plants grow 
satisfactorily. Also the lower limit of saturation extract ECe of these soils is 
conventionally set at 4 dSm
-1
. Sensitive plants are affected at half this 
salinity and highly tolerant ones at about twice this salinity (SSSA 2006).  
Abrol et al. (1988) reported that the primary effect of excess salinity is that 
it renders less water available to plants even though some is still present in 
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the root zone. This is due to the increase in the osmotic pressure of the soil 
solution as the salt concentration increases. Excessive concentration and 
absorption of individual ions may be toxic to plants and may retard the 
absorption of other essential plant nutrients (Terry 2001). In saline soil, the 
water uptake is slow and osmotic effect spreads from the root membranes. 
The ion concentration inside the plant alters the solute balances, also tissue 
and organs development altered, shorter duration of expansion of cells, and 
this compromises the size of the leaves (Volkamar et al. 1998). The overall 
effects of salinity on plants are eventual shrinkage of leaf size which leads 
to leaf death, and finally the plant. Salinity may reduce Adenosine 
Triphosphate (ATP) and growth regulators in plants (Allen et al. 1998). 
Aref et al. (2008) reported that increasing saline levels in irrigation water 
decreased the total, shoot and root dry weights, diameters, shoot height and 
root length of Eucalyptus camaldulensis, E. intertexta and E. microtheca 
seedlings. They irrigated the seedlings with saline water by adding NaCl to 
tap water (1, 4, 8 and 16 dSm
-1
). Ragab (1979) mentioned that branch 
length and dry weight of leaves, stems and roots of Valencia orange 
budded on sour orange rootstock were progressively depressed by 
increasing salinity levels. Sykes (1985) reported leaf Cl concentrations of 
juvenile seedlings of 15 citrus species grown on nutrient solution that 
contained 50 mM NaCl and on pot culture contained 75 mM NaCl for 56 
days decreased with seedling age. Saeed et al. (1991) reported increase in 
Ca content in seedlings due to salt treatments. The greater increments in Ca 
levels were recorded in leaves and roots of seedlings receiving NaCl + 
CaCl
2
 treatment. Also, Mohamed (1997) reported that increasing salinity 
level in irrigation water increased leaf, stem and root Ca content of Naples 
ultra almond plants gradually regardless of rootstock type. Sherbeeni 
(2001) showed that using NaCl, CaCl
2 
and their mixture (1:1 by weight) in 
concentrations 0, 1000, 2000, 3000 and 4000 ppm has increased Na, Ca 
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and Cl contents in the plant parts as compared to control. Hassan and Abou 
El-Azayem (1990) studied the effect of salinity on survival and distribution 
of Na and Cl in seedlings of eleven fruit species. Generally, salinity 
increased Na and Cl
 
in leaves and roots of the salt treated plants. However, 
except in date palm, Cl was relatively high in roots and low in leaves. 
Epron and Toussamt (1999) watered Quercus robur with a nutrient 
solution of NaCl and found that Na content strongly increased in all plant 
tissues with increasing NaCI concentration. 
With the increase in external water potential, the plant needs to exert more 
energy to absorb water (Greenway and Munns 1980). The modifications of 
water potential of plants have implications on the degree of opening of 
stomata which in turn affect the exchange of gases (Chaves 1991). 
Imbamba (1973) observed a reduction in the degree of opening of stomates 
and respiration rate of Vigna sinensis grown under saline conditions. Hell 
and Mengel (1981) found that salinity has caused a reduction in Co2 
assimilation in small plants of Vicia faba. Also, water stress causes a 
reduction in protein content of plants (Hsiao 1973) and high salinity levels 
cause disturbances in protein structure and inactivation of enzymes 
(Stewart and Ahmed 1983).  
Nieman (1965) showed that leaves of salt-stressed plants are reduced in 
size as a result of inhibition of cell division and enlargement. Prisco and O
, 
Leary (1973) considered the inhibition of growth as a result of hormonal 
disturbances. Other authors reported a reduction in the production of fresh 
and dry mass of leguminous plants grown under saline conditions (Smith 
and Comb 1981; West and Taylor 1981 and Sharma et al. 1992).  
Salinity reduces plant growth by alteration in assimilates allocation, ion 
relation, water status and other biochemical and physiological processes 
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and conditions, or by a combination of such factors (Kajaji and Nalborczyk 
1991). Salt stress has a detrimental effect on photosynthesis, transpiration 
rate and stomatal response. The limitation imposed on photosynthesis may 
be due to reduced stomatal conductance and/or reduction of the chloroplast 
activity (Chaves 1991). Therefore, the potential of a species to be grown in 
salt-affected areas depends on its capacity to sustain the physiological 
processes and conditions under inhibitory levels of salinity. The utilization 
of this physiological information in the course of screening work 
necessitates the establishment of a significant association between tree 
growth and survival under stress and the various possible physiological 
components of salt tolerance (Blum 1989).  
Effects of salinity on seed germination could be summarized in the delay of 
seed germination, and the decline in its rate and percentage (Villagra 
1997). Abdelazim (1988) expressed plants tolerance to salinity by the 
ability of seeds to germinate without delay, without reducing the 
germination rate, and without lowering the final germination percentage. 
Bangash (1977) reported a decrease in germination percentage of seeds of a 
number of forest tree species with increasing salinity. Salinity has been 
shown to affect the time and rate of germination, the size of plant, 
branching, leaf size, and overall plant anatomy (Gale and Poljakoff-
Mayber 1975). Ibrahim (1983) reported that forest tree species are, in 
general, sensitive to irrigation with saline water having EC greater than 2 
dSm
-1 
and SAR more than 5  (mmol/l)
1/2
. The sensitivity of the species to 
salinity was manifested by reduction in germination percentage, shoot 
height, root length and increased mortality.  
Some species were reported to be tolerant to salinity e.g. Acacia nilotica, 
(Bangash 1977; Ibrahim 1983 and Abdelazim 1988). In germination tests 
conducted under saline and sodic conditions, Abdelazim (1988) found that 
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Acacia nilotica and Acacia tortilis have tolerated salinity and sodicity at 
germination stage. Unger (1991); Zekri (1993) and El Nour et al. (2006) 
reported that salinization resulted in generally delayed seed germination. 
These workers found that high NaCl concentrations reduced growth of 
plants of all species, which broadly match results obtained by Glenn and 
O’Leary (1984); Gorham (1996); Harrouni et al. (1999); Daoud et al. 
(2001) and Harrouni et al. (2001). 
Sharma et al. (1992) reported that, in a pot experiment, salinity has caused 
50 % reduction in growth of seedlings of a number of forest tree species. 
They also reported that, salinity, at and above 6.54 dSm
-1
 at pH 9.6, caused 
severe mortality of the species tested. Singh and Thompson (1992) 
reported a reduction in total dry weight of potted seedlings with increase in 
salinity. The reduction was about 20 % at low salinity and 44% for 
A.nilotica, 52% for prosopis juliflora and 71% for Dalbergia sissoo at high 
salinity. 
2.1.8 Salts adaptation and tolerance of plants 
 Salt-tolerance of plant depends on various factors such as salt-
concentration (Chartzoulakis et al. 2002 and Gebauer et al. 2004), plant 
species (Sixto et al. 2005 and Nasim et al. 2008) and stage of plant 
development. Some species, such as Suaeda fruticosa, Haloxylon stocksii, 
Atriplex stocksii and Zygophyllum simplex, were not highly salt tolerant at 
germination, but showed a high salinity tolerance at the growth stage 
(Khan 2003), while other species like Arthrocnemum macrostachyum, and 
Cressa cretica showed a higher degree of salt tolerance both at the 
germination and growth stages (Khan and Gul 1998). 
Terrestrial plants have evolved a number of adaptive mechanisms to cope 
with the presence of salts in their environment. Salt tolerance refers to the 
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ability of a plant to grow and complete its life cycle on saline soils. The 
most significant mechanism entails actual tolerance by plants to high levels 
of salt within their tissues (Munns and Termaat 1986). It depends on 
osmotic adaptation and the acquisition of the mineral elements needed for 
growth and functional metabolism (Jeschbe 1984). This capacity is 
presumed to be complex genetic traits involving a range of physiological 
mechanisms. 
The salt tolerance among forest tree species differs greatly and there is 
ample scope for selection of species using physiological trails related to 
survival, growth and productivity (Hall and Long 1993). In a pot 
experiment Bangash (1977) found that, Acacia nilotica, Ziziphus jujuba 
and A. lebbeck were more tolerant to salinity compared to Pinus aculeata, 
Prosopis spieigera and Robinia pseudoacacia. 
In trials conducted in Pakistan to reforest waste lands in which soluble salts 
range between 0.3 and 2.9 %, using six months old seedlings of forest 
trees, Hafeez (1993) showed that the best performing species were E. 
camaldulensis, Acacia nilotica and Casuarina equisetifolia. Generally 
well-established plants are usually more tolerant to salinity than at 
germination or early seedling stage (Al-Galoud and Hussain 2004).  
In terms of adaptation to salinity, higher plants are grouped into two 
categories: 
 Glycophytes: Plants incapable of growing normally in the presence of 
high concentrations of sodium and other salts (Shannon et al. 1994).  
 Halophytes: Plants adapted to saline soils and are capable of attaining 
normal growth and developments in the presence of high 
concentrations of salt in their growth media (Van Genuchten and 
Hoffman 1984; Fawzi and Abdullah 2006).  
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Jennings (1968) considered that halophytes and glycophytes differ in 
degree rather than in their kind of tolerance to saline conditions. 
Halophytes avoid the damage by exclusion of salts, pumping of salts 
outside the cell or by dilution of salts concentration (Stewart and Lee 
1974). 
Several mechanisms of salinity control that differentiates between 
glycophytes and salt-tolerant plants and/or halophytes have been proposed. 
According to Poljakoff-Mayber and Lerner (1999), there are six main 
mechanisms.  
 Ability to accumulate or exclude ions selectively.  
 Control of ion uptake by roots and control of transport to the shoot and 
leaf.  
 Selectivity in xylem release.  
 Role of accumulated ions in osmotic adaptation/adjustment.  
 Compartmentation of ions at both the cellular and whole plant level .  
 Accumulation of compatible solutes (like proline) and their role in salt      
tolerance.  
Salinity resistance mechanisms in plant can be grouped into two main 
strategies. 
2.1.8.1 Avoiding the damaging effects off salts on cell components. 
Dilution: This mechanism is found in highly and moderately salt-tolerant 
plants. Succulent plants maintain high amounts of water in their tissue that 
help reduce the effects of salt accumulation in the cell; like Zygophyllum 
spp. and Haloxylon spp (Marschner 1995; Borsani et al. 2003; Flowers 
2004 and Saqib et al. 2005). 
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Exclusion and extrusion: Exclusion refers to a passive mechanism of salt 
removal, while extrusion (excretion) is the active removal of salts from the 
plant, or prevention from entry. The differentiation between the two 
mechanisms is often unclear. Plants are capable of excluding salts at 
several levels: 
 Root level impermeability to salts; active exclusion outside the root. 
 Leaf and shoot level by salt glands (Limonium spp., Tamarix spp.); 
salt bladders (Atriplex spp.); hairs; shedding of leaves or shoots to 
eliminate accumulated salts (Suaeda spp., Haloxylon spp.) (Thomson 
et al.1988). 
 Cellular and membrane level by removal and compartmentation of 
Na and Cl form cytoplasm to vacuoles and cell walls through active 
transport mechanisms. Several Na/H
+ 
antiporter and ion transport 
channels are associated with salinity tolerance (Marschner 1995; 
Borsani et al. 2003; Flowers 2004 and Saqib et al. 2005).  
2.1.8.2 Osmoregulation (osmotic adjustment) 
Osmoregulation or osmotic adjustment is the mechanism by which plants 
increase their solute concentration while reducing their osmotic potential to 
levels below that of their aqueous environments (Gorham 1996). It can be 
achieved by active uptake of salt or salt ions, or synthesis of organic 
solutes. There are two mechanisms are important in osmoregulation, where 
the first is more common in halophytes and the second in other types of 
salt-tolerant plants (Levitt 1980). 
Some plants circumvent the problems caused by accumulation of salts by 
the accumulation of organic solutes in addition to small quantities of salt. 
A range of sugars, sugar alcohols, organic acids and N-containing 
compounds reportedly accumulate in the cytoplasm of plants adapted to the 
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low water potential of NaCl-rich environments (Gorham et al. 1985). There 
are also considerable differences among species in the efficiency of uptake 
and utilization of nutrients in the presence of salinity and reduced uptake of 
K
+
, Ca
2+
, Mg
2+
 and No3
- 
have all been reported (Grattan and Grieve 1992).  
Nabil and Coudret (1995) proved the occurrence of osmotic adjustment of 
seedlings of Acacia nilotica growing in saline conditions (0 - 200 mmol/l). 
Seedlings were healthy and actively growing in concentrations up to 100 
mmol/l. The authors explained the osmotic adjustment by the accumulation 
of ions in the tested sub-species; tomentosa and cupressiformis. Imamul 
(1984) found that salt tolerance or the possibility to adjust to highly 
salinized media was accompanied by change in the ion balance as well as 
in the organic solute status of the salt stressed plants. Increases in cellular 
concentration of Na
+  
was always accompanied by a decrease in the 
concentration of K
+  
and  Ca
+  
and an increase of Mg
+
. Halophytes balance 
their requirement for the salts needed for osmotic adjustment with their 
growth rate (Flowers and Yeo 1986). Regulating transpiration plays an 
important part in this process, as it is the transpiration stream that carries 
ions between root and shoot. Consequently, factors that influence the rate 
of water loss by plants are important in salt tolerance. 
2.2 Water stress 
2.2.1 Importance of water 
Most growing plants contain about 90% water (Hartman et al. 1981). It is 
the medium for transfer within plant and is the solvent system of the cell. 
Also, it is one of the raw materials for photosynthesis required for the 
production of new compounds. In soft tissues, water pressure provides 
supple and as plants loose water from their leaves they are cooled (Janick 
1979).  
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A growing plant absorbs water from the soil and gives it off in 
transpiration. CO2 enters the plant through a film of water that surrounds 
the leaf, and as the film evaporates it is replenish by the plant. The 
transpiration loss of water, exchange for CO2 is necessary for plant growth. 
Rapidly growing plants require large quantities of water, for in excess of 
that found the plant for synthesis of new materials (Janick 1979). 
Generally, water plays four essential roles in plants: a constituent (water 
makes up approximately 80 % of all living matter on fresh basis), a solvent 
(water is recognized as a common solvent for polar compounds such as 
sugars, oxygen, etc and a host of other constituents), a reactant in various 
chemical processes and maintenance of turgidity (Kramer 1983). 
2.2.2 Drought tolerance 
The operational definition of dehydration tolerance is the ability of a plant 
to maintain its function at a particular level of plant water potential. 
Osmotic adjustment represents a major mechanism of dehydration 
tolerance. Plants which accumulate solutes in their cells as plant water 
potential decreases are subjected to smaller reductions in turgor pressure 
(Turner and Jonces 1980).   
Plants in arid environments can be categorized in the following two 
groups: Mesophytes which are the plants without special adaptation to 
environmental extremes that require moderate water availability to grow 
well. The other group is Xerophytes which are the drought-resistance 
plants exist that mainly outside irrigated areas.  
Some species like Balanites aegyptiaca and Ziziphus spina-christi, also 
tolerate drought together with some trees like Cassia siamea, Azadirachta 
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indica and Eucalyptus camaldulensis adapted at semi-arid and marginal 
land (FAO 1988). 
2.2.3 Plant adaptation to drought 
The plant grown in arid environments withstands the stresses through 
developmental, morphological and physiological mechanisms (Turner and 
Begg 1981). Levitt (1980) stated that three main adaptation mechanisms 
are recognized in this category: 
2.2.3.1 Desiccation-tolerant plants 
This mechanism is dominant in lower plants like algae. Few higher plants 
fall into this category (Hall et al. 1979 and Turner and Jonces 1980).  
2.2.3.2 drought-escaping plants 
This plant group escapes the damaging effects of drought. These are 
usually short-lived plants that appear after seasonal rainfall and complete 
their life cycles (germination to flowering and seed setting) in a short time. 
They are known as ephemerals (Hall et al. 1979). 
2.2.3.3 perennial xerophytes 
These long-lived plants are true arid or semi arid plants that can withstand 
drought through either resistance or avoidance mechanisms (Martínez-Ferri 
et al. 2000). Both tolerance and avoidance mechanisms contribute to the 
ability of a plant to survive drought but it also depends on the frequency 
and severity of the drought periods (Alpert 2000 and Otte 2001). There are 
two recognized groups of perennial xerophytes:  succulent perennials that 
are true succulents, characterized by fleshy vegetative parts capable of 
water storage with thick cuticles and a Crassulacean Acid Metabolism 
(CAM) photosynthesis pathway that reduces water consumption through 
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stomata closure during the day. On the other hand non-true succulents are 
characterized by fleshy foliage capable of moisture storage that is not true 
succulents. 
The other group is non-succulent perennial which are plants capable of 
withstanding the harsh dry-hot environment. Their adaptation mechanisms 
depend on two strategies: Increasing their ability to absorb water from soils 
with very low water content and/or increasing their ability to reduce water 
loss through transpiration. Acacia trees as xerophytes plants have the 
ability to resist drought and cope with arid environments through 
conserving water (Aref and El-Juhany 1999). These strategies can be 
achieved through three types of adaptation: morphological, anatomical and 
physiological: 
2.2.3.3.1 Morphological adaptation  
Root system adaptation: The root system is considered to be a primary 
sensor of drought stress, and may play an important role in drought 
avoidance (Davies and Zhang 1991) by making deep penetration into soil 
in search of water. The basic adaptation in this category is the possession of 
an extensive and deep root system that enables the plants to exploit higher 
soil volume and absorb higher quantities of water (Parsons 1979; 
Molyneux and Davies 1983 and Turner 1986). Examples are arid and semi 
arid plants like Leptadenia pyrotechnica, Prosopis spp. and Acacia spp. 
Generally trees native to these environments often have a high root to shoot 
ratio; the higher the exposure to drought, the more is the ratio between root 
and shoot mass shifted further in a favor of the roots (Larches 1995). 
Shoot system adaptation: Arid and semi arid plants possess many traits 
that reduce the size of the transpiring surface, thereby reducing the amount 
of water loss. This is usually achieved through shedding of plant organs or 
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tissues during times of severe water shortage, modifying large aerial parts 
(leaves and stems) into spines or protecting transpiration surface by old 
plant parts, i.e., covering buds by old leaves or folding vegetative parts to 
reduce transpiration surface (Fawzi and Abdullah 2006). 
2.2.3.3.2 Anatomical adaptation    
Generally, anatomical adaptation is achieved to reduce the amount of water 
loss from the plant. The main adaptations may include: presence of cutin 
layer on the epidermis, waxy layer covering vegetative parts, hair layer 
(trichomes) or cork layer on the epidermis, presence of silica in epidermis 
and water storing cells. Also it can be achieved by cryptic (hidden) stomata 
or by small and compacted epidermis cells (Fawzi and Abdullah 2006). 
2.2.3.3.3 Physiological adaptation:   
Similar to other types of adaptation, physiological adaptation also works by 
either reducing the amount of water loss from the plant or increasing the 
ability of the plant to absorb more water. However, this is achieved through 
various physiological and biochemical changes in plants, such as control of 
transpiration. Some plants are capable of controlling stomatal opening 
during the day. In periods of limited water availability, they open during 
periods of lower transpiration demands, like early morning and late 
afternoon, and close during midday. 
 In addition, high osmotic pressure is a main physiological adaptation to 
drought. It is related to plant and its ability to reduce its osmotic potential, 
and consequently total water potential, to lower levels compared with the 
water potential in the surrounding environment. This mechanism of 
acclimation involves osmotic adjustment. By increasing the concentration 
of solutes in the symplast, turgor can be maintained at low tissue water 
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potentials, as low water potential enables water to continue to be extracted 
from dry soil. The turgor allows stomatal opening and cell expansion 
(Turner 1986 and Jones and Rawson 1979), root growth (Sharp and Davies 
1979), and increases in productivity (Morgan 1994). In addition to solute 
accumulation, an increase in cell wall thickness and a reduction in cell size 
as the result of water stress may lower osmotic potential and then 
contribute to turgor maintenance (Cutler et al. 1977 and Rascio et al. 
1990). On the other hand some tolerant plants have higher rates of water 
bound to the living cell components, thus reducing the ability of water to 
be lost through evaporation. Also they can accumulate higher amounts of 
amino acids, like proline when they are subjected to stress. Such organic 
compounds help in reducing osmotic potential and increasing the bonding 
of water to cell components, consequently reducing water loss. 
Discussion on the effects of drought has largely focused on either 
physiological or morphological acclimations to drought stress that make 
plants more resistant and more productive. The interplay between 
morphological and physiological factors is not well understood and 
deserves more attention. For example, increases in the root to shoot ratio as 
observed in many studies (Bachelard 1986; Li and Wang 2003) will bring 
along changes in the nutrition of plants, and these will in turn affect the 
photosynthetic system. 
2.2.4 Impact of water stress on plants  
Water stress refers to the physical condition of water in plants. Whenever 
the water condition is unfavorable to optimum plant growth, the plant is 
said to be under water stress. Anae et al. (1999) stated that a water stress 
condition was defined as the state or condition the available water was 
depleted up 75-80 %. Whereas in normal irrigation the depleted was only 
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40% in root zone (0.9 mm). Also water deficit can be defined as a decrease 
in water potential or its components such as turgor and solute potentials 
which affects the normal functioning of the plant (Kramer 1983). 
Bradford and Hsiao (1982) hypothesized that the initial responses of plants 
to water deficits is the change in turgor pressure in certain cells, cause 
decrease in plant water content and sufficient loss of turgor in turn causes a 
decrease in cell enlargement and perturbation of various essential 
physiological processes (Kozlowski et al. 1991). After the initial response, 
there are many secondary effects on plant function. Plant responses to 
mild-to-moderate plant water deficits may be viewed as being either 
damaging or adaptive (Bradford and Hsiao 1982).  
2.2.4.1 Stomata conductance and photosynthesis 
Drought stress reduces the transpiration rates of the seedlings (Seiler and 
Johnson 1985 and Edward and Dixon 1995) that when the seedlings suffer 
water deficit in their growth metabolism, they are open stomata only 
partially to reduce water loss from the leaf surface. Stomatal conductance 
declines well before any observable change in bulk leaf water potentials, 
and was correlates with soil water status (Ayoub and Grace 1992). 
Drought-avoiding species prevent damage by closing their stomata before a 
sharp decline in leaf water potential occurs, whereas drought-tolerant 
species show simultaneous decreases in stomatal conductance and leaf 
water potential (Guehl et al. 1991; Martínez-Ferri et al. 2000 and 
Baquedano and Castillo 2006). Given the limited water reserves in leaves 
compared to the potential rate of transpiration, regulation of stomatal 
aperture to restrict damage to the tissues as a result of dehydration is of 
major importance for plants. Stomata closure is indeed one of the first lines 
of defense against desiccation since it is a quicker and more flexible 
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process than alternatives such as changes in life cycle, root growth or leaf 
area, which are better suited for long-term adaptation. However, when 
stomata close, protecting the plant against water loss they simultaneously 
restrict carbon assimilation by the plant (Chaves 1991). 
The mechanism of acclimation in the closure of stomata in response to a 
reduction in soil water content is correlated with a decline in leaf turgor as 
a consequence of low water potential (Kramer 1988). Under certain 
circumstances, stomata closure in response to low soil moisture can occur 
despite a high leaf water potential (Bates and Hall 1981). Furthermore, it 
has been demonstrated experimentally that stomatal conductance as well as 
leaf expansion are more sensitive indicators to soil water deficits than the 
more commonly-used leaf water potential (Blackman and Davies 1985; 
Gollan et al. 1986 and Gowing et al. 1990). This response of stomata to 
soil drying may be mediated by changes in root water status through 
chemical signals ascending from the root to the leaves that lead to the 
closure of stomata in concert with the level of soil water stress (Davies and 
Zhang 1991; Hartung and Slovik 1991). 
The inhibition of photosynthesis under conditions of water stress is caused 
by both stomata and non-stomata factors (Boyer 1976). Leaf water 
potential should be regarded as the dependent variable responding to 
changes in water flow rate through the system (as determined by 
atmospheric conditions and leaf and canopy resistance to water vapor), and 
upon the resistances to flow of liquid water in the soil-plant system 
(Elfying et al. 1972).         
Gollan et al. (1986) found that stomata conductance was reduced when 
wheat root systems were subjected to soil drying even though the leaf 
remained fully-turgid by applying pressure to the soil containing the roots. 
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Several possible chemical signals in root- shoot communication of the 
effect of soil drying include cytokinins, abscisc acid (ABA), ion 
concentrations and pH (Davies and Zhang 1991). Gollan et al. (1985) 
concluded chiefly by stomata conductance rather than by reduction in 
capacity of photosynthesis apparatus. However, Jones (1985) found that 
the stomata limitations to photosynthesis are outweighed by the non-
stomata limitations.  
Takeda et al. (1978) reported that photosynthesis and stomatal conductance 
of maize plants decreased as leaf water content was reduced. Turner et al. 
(1985) and Gollan et al. (1985) showed that leaf stomatal conductance and 
carbon assimilation were not closely coupled to the leaf water potential or 
leaf conductance and rates of photosynthesis are not affected by leaf turgor 
only, but may also be influenced directly by the soil or root water status. 
Also, Teskey et al. (1986) noted that although stomata response of loblolly 
pine to several environmental variables is closely coupled with change in 
photosynthesis rate, internal limitations actually are the major cause of the 
inhibition. Moreover, Wise et al. (1990) using field-grown sunflower 
plants, found that under water stress condition the reduction in 
photosynthesis was due to non-stomata limitations. Kaiser (1987) found in 
a review study that moderate drought stress has little effect on 
photosynthetic capacity. 
2.2.4.2 Impact on growth of plants 
Growth is a permanent increase in size that results from cell division 
followed by enlargement and differentiation (Kramer and Kozlowski 
1979). If the water potential is reduced, seed germination will be delayed 
or prevented depending on the extent of its reduction (Hegarty 1978). A 
large number of studies have been carried out on the effects of water stress 
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on the germination of forest tree species. Most species and provenances 
have shown a different sensitivity to water stress as regards germination 
and subsequent root growth (Falusi and Calamassi 1982; Falusi et al. 1983; 
Dunalp and Barnett 1984; Thanos and Skordillis 1987; Falleri 1994 and 
Lopez et al. 2000).  
The effects of water stress on tree growth and survival have been 
extensively studied (Kozlowski 1982). Immediate effects of drought on 
hardwood trees are usually obvious, but delayed effects also occur. When 
unfavorable growth conditions are present, growth for the coming year is 
often affected. Plants store food reserves and prepare for the next growing 
season during the current growing season. For instance, buds for next 
year's growth will be set during the current summer. The effects of the 
drought will carry over to the next growing season and maybe beyond. 
Myers and Landsburg (1989) studied the seedling growth of two 
eucalyptus species from contrasting habitats. They showed that a moderate 
water stress over a long period of time was more detrimental to dry matter 
production than a severe stress for a short time. Similarly, Mayaki et al. 
(1976) found the same effect of drought. It has become known that 
evaluation of plant capacity for enduring environmental stresses begins at 
seedling stage. Drought tolerance should be tested by growing seedlings 
under water limiting conditions (Johnson 1980). Kramer (1983) also 
indicated that overall tree growth is greatly reduced on dry sites by 
prolonged water stress and even in good sites by periodic drought 
characteristic of many tropical regions. 
Shoots are considered to be the primary site of water stress perception 
response (Kramer 1988 and Boyer 1989). Boyer (1989) pointed out that as 
soil dries out, the shoot experiences water deficits before the root because 
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of the dehydrating effects of the atmosphere which always has lower 
potential than the soil. Similarly, Kramer (1988) reported that the shoot 
always experiences water deficits before the root, because even if the 
shallow soil layers are dried, deeper roots can transfer water from deep-wet 
layers to the dry layers where it can be absorbed by the shallow roots 
(Caldwell and Richards 1989). Accordingly, the shoot water potential was 
used as an indicator of plant water status that reflects any perturbation in 
the soil water availability. Water deficits reduce leaf expansion rate and 
stem elongation (Steinberg et al. 1990). Leaf area was known to be 
sensitive to water availability (Gholz 1982) and seedlings responded to 
drought stress with decreased number of leaves per plant (Arndt et al. 
2001) and smaller leaf area (Muraoka et al. 2002) and hence reducing the 
growth. 
Drought causes changes in the root distribution profile and it increases the 
root weight. Observations suggested that the roots are the primary sensors 
of water deficits and that in drying soil the roots can produce chemical 
signal which moves through the transpiration stream to the shoot and 
causes stomata to close independently of any hydraulic effect (Jones 1980; 
Bates and Hall 1981; Schilze 1986 and Davies et al. 1986). Also, roots 
show a high degree of morphological plasticity that enabled them to cope 
with water stress (Kummerow 1980). Production of thinner roots by the 
water-stressed plants that penetrated deeper into the soil may be considered 
a mechanism for improving water uptake. The increase in root weight was 
mainly due to a substantial shift in assimilates allocated in favour of roots 
with total biomass being unaffected. Therefore, under soil drying more 
assimilates are partitioned to the roots, which increase the root fraction of 
total biomass (Kramer 1983). This can be seen as an important adaptive 
response to water stress by reduction of transpiration demand relative to 
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water absorption (Pallardy 1981). The overall result of this combination of 
changes may be an increase in the root growth in absolute terms (Malik et 
al. 1979; Sharp and Davies 1985), or relative to shoot growth (Osonubi and 
Fasehun 1987). However, extreme soil drying ultimately reduces root 
growth (Seiler and Cazell 1990). 
Plants resistant to drought had higher stem elongation rates than drought 
susceptible ones (Shiowlong and Chu 1993). El Nadi (1969 and 1970) 
reported that relative growth rate,  net assimilation rate and shoot dry 
weight were reduced due to water stress, whereas Farah (1981) found that 
water stress reduced shoot dry matter. In water-stressed loblolly pine 
(Pinus taeda) seedling shoot growth was not affected statistically, 
compared to a significant reduction in root growth, with a consequent 
decrease in root to shoot ratio (Seiler and Johnson 1985 and Pandey et al. 
1984). Also Wookey et al. (1991) reported decreased root to shoot ratio 
and decreased leaf growth in sunflower plants as a result of limited water 
supply. 
El Nadi (1970) reported that dry treatments applied during growth period 
resulted in a decreased plant height. This was confirmed by Hebblethwaite 
et al. (1983) who reported that irrigation during the reproductive phase 
resulted in an increased plant height.  
The mechanism determining leaf size is more sensitive to water stress than 
that associated with production and maintenance of active leaves (Farah 
1981). Reducing the exposing area of leaf surface leads to limiting water 
loss through transpiration rate from the plant. Leaf area may be reduced 
due to drought through inhibiting leaf initiation (Kozlowski 1982 and 
Ibrahim 1995) or decreasing leaf size (Ibrahim et al. 1997 and 1998) or 
accelerating leaf senescence and consequently leaf shedding (Begg 1980) 
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or more than one of them. However, leaf area was decreased with water 
stress (El Nadi 1970 and Karamanos 1978). Farah (1981) confirmed that 
leaf area was reduced by water shortage, which was attributed to the effect 
on cell division, lamina expansion (Cell number, cell enlargement). Krieg 
and Sung (1986) determined that drought decreases the number of leaves 
on sympodial branches of cotton.  
The reduction in shoot dry weight late in development may be due to 
accelerated senescence and shedding of lower leaves caused by water 
stress. Sinclair (1980) attributed the reduction in shoot dry weight to the 
effect of water stress on photosynthesis. 
Farah (1981) and Cortes and Sinclair (1986) found that increasing water 
stress resulted in an increased rate of leaf senescence and death. However, 
Brady et al. (1974) reported evidence of water stress changing the 
hormonal balance of mature leaves, thus enhancing leaf senescence. 
2.3 Studied tree species  
2.3.1 Acacia nilotica L. Willd (Sunt): Family: Mimocaceae 
Is an important multipurpose leguminous tree species. It is widely 
distributed in subtropical and tropical Africa. Acacia nilotica are inundated 
with water during the flooding season and the water can stay up to six 
months. A. nilotica is considered as a priority species in Sudan for its 
products and environmental role along the River Nile banks and its 
tributaries (Warrag et al. 2002).  
Thriving in dry areas, these species were potential salt tolerance nature 
(Grewal and Abrol 1986). Tejwani (1994) reported that it is extremely 
drought tolerant and one of the most important species for soil 
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conservation and agroforestry practices in arid and semi-arid areas of India 
and reproduces naturally by seed germination. 
2.3.2 Acacia senegal L. Willd. Family: Mimocaceae,  
English names: Gum Arabic. Locally called hashab tree, grows in a range 
of annual rainfall between 100-800 mm (mainly between 300-400 mm). It 
is very drought resistant and tolerates dry periods of 8-11 months. The 
species prefers sandy soils, but grows also on slightly loamy sands (Eisa et 
al. 2008). Acacia senegal has a remarkable adaptability to drought and 
frost (NAS 1983). It is widespread in tropical Africa from Mozambique, 
Zambia to Somalia, Sudan, Ethiopia, Kenya, and Tanzania. Cultivated in 
India, Nigeria, and Pakistan.  
The wood is used for firewood, charcoal, local buildings, and fence post. 
The tree is used for soil stabilization, and dead hedging and making ropes 
from roots and bark; the tree is an important source of gum Arabic. 
Medicinally it is used to treat cold, stomachaches, diarrhea, hemorrhages, 
etc. (Kokwaro 1993).  
2.3.3 Albizzia lebbeck L. (Benth).Family: Mimocaceae  
It is a tree growing to a height of 18-30 m tall with a trunk 50 cm to 1 m in 
diameter. It is cultivated as a shade tree in North and South America  
(ILDIS 2005). In India, the tree is used to produce timber. Wood from 
Albizia lebbeck has a density of 0.55-0.66 g/cm
3
 or higher (Brown 1997). It 
is adapted over a wide range of pH from acid to alkaline, and also tolerates 
moderate soil salinity and is considered as highly salt tolerant species 
(Fawzi and Abdullah 2006). The seedlings develop a long, stout taproot at 
an early age and are drought-tolerant (Parrotta 2003). 
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2.3.4 Casuarina equisetifolia L. (Exotic).Family: Casuarinaceae   
The tree is native to tropical Indian Ocean Coasts, Australia and Polynesia 
in a climate which is warm to hot, subtropical and tropical; 10-33º C 
monthly mean temperatures; from sea level up to 1500 m; rainfall 700-
2000 mm and 6-8 dry months; but also grows with much less rainfall; it 
tolerates calcareous and slightly saline soil; grows poorly in heavy clay 
(Gilman and Watson 1993). The trees grow best in slightly uneven 
topography where holes and swales hold rainwater reserves 
(http://www.Floridata.com). It is very tolerant of salt spray, and it is often 
one of the trees growing closest to the coastline.  This is at least partly due 
to the protected location of the stomata (aeration pores) within furrows on 
the leafless stems.  Excessive salinity may, however, decrease growth. 
The wood burns readily even when green. Timber makes building poles, 
fence posts and transmission poles. The tree bark contains a dye and 
tannin. Wood can give good pulp. The tree forms excellent wind breaks 
and is efficient in erosion control in coastal areas because of its salts 
tolerance. But the tree exhausts moistures (Gilman and Watson 1993). It is 
tolerant of dry climates, especially if it has time to establish and its roots 
can grow down to the water table. 
2.3.5 Eucalyptus camaldulensis (Denh) (Exotic). Family: Myrtaceae.   
It is a fast growing species that reaches 20 meters, sometimes up to 45 
meters tall. The bark is dappled with red, gray, green and white.  It occurs 
in most of the Australian mainland. Timber is good for poles and for fire 
wood, it is strong, durable and used for construction and railway sleepers in 
some places, timber is suitable for many purposes, it is mainly used in 
Sudan as building pole (Duke 1983). Eucalyptus camaldulensis 
demonstrates moderate salt tolerance (Benyon et al. 1999). The growth of 
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some Eucalyptus species is actively affected by salt stress (Sun and 
Dickinson 1993). 
E. camaldulensis is native to Australia, where arid climate is dominant and 
it has several mechanisms for drought avoidance e.g., dynamic changes in 
leaf area index, near vertical arrangements of leaves, high stomatal 
sensitivity to air saturation deficit, deep rooting ability and osmotic 
manipulation (Whitehead and Beadle 2004).    
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CHAPTER THREE (PAPER ONE) 
Effect of Salinity on Seed Germination of Five Forest Tree Species 
3.1  Introduction 
Studies of environmental stresses for trees at different stages of 
development are very important for regeneration and consequently for 
successful establishment of plantations. Seed germination, as a critical 
stage in plant life is the most vulnerable to such stresses (Catalan et al. 
1994). Successful seedling establishment depends on the frequency and the 
amount of precipitation as well as the species and the ability of seeds to 
germinate and grow while soil moisture and osmotic potentials decrease 
(Roundy 1987). Germination and seedling characteristics are the most 
viable criteria used for selecting salt tolerance in plants (Boubaker 1996). 
Salinity impairs seed germination; retards plant development (Greenway 
and Munns 1980) and interfere with seed germination (Fowler 1991). 
Salinity stress can affect seed germination through osmotic effects 
(Welbaum et al. 1990). Plants that grow in saline soils have diverse ionic 
compositions and a range in concentrations of dissolved salts (Volkmar et 
al. 1998). The concentrations fluctuate because of changes in water source, 
drainage, evapo-transpiration, and solute availability (Volkmar et al. 1998). 
There is evidence that high concentrations of salts have detrimental effects 
on germination and growth of seedlings and species differ in their 
sensitivity or tolerance to high Salinity (Minhas et al. 1997). Wamgwattana 
et al. (1998) tested the effect of NaCI on germination of seeds of some tree 
species and showed that Centrosema pubescens was the most tolerant to 
NaCl (concentration of 0.12, 0.25, 0.50, 1.0 and 2.0%) followed by 
Leucaena leucocephala and Sesbania rostrata. Also, Sherbeeni (2001) 
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tested the effect of soil salinity levels on germination of seeds of some tree 
species and indicated seed germination percentage decreased with the 
increase in salinity. The germination percentage of L. leucocephala, Melia 
azedarach and Dalbergia sissoo were progressively related with the 
concentration of salts. Khan et al. (2009) reported that germination 
percentage of four forest tree species decreased as the salinity level 
increased. It was observed that the germination of A. nilotica, E. 
camaldulensis, A. ampliceps and Azadirachta indica was delayed with 
increasing salinity levels 3, 6, 9, 12, 18 dSm
-1
) Khan et al. (2009). 
Generally, salinization results in generally delayed seed germination (El 
Nour et al. 2006).  
The major effects of salinity on seed germination could be attributed to 
decreasing rate and total amount of water absorbed and increasing the entry 
of certain ions into the seed, which are toxic in high concentration Rehman 
et al. (1997) in their study of ten acacia species, including A. nilotica, 
concluded that the adverse effects of NaCl on seed germination appear to 
result from internal osmotic or ion toxicity. Seeds of many halophytes 
accumulate less than 10 % of the ionic content present in shoots, indicating 
that they process a mechanism for preventing excess ion accumulation in 
the embryo.  
Salts can affect seed germination either by restricting the supply of water 
(osmotic effect) or causing specific injury through ions to the metabolic 
machinery (ionic effect) (Zekri 1993). Studies have been carried out on the 
effect of various chloride and sulfate salts on the germination of halophytes 
where all the salts exhibited some osmotic effects but no specific ion effect 
(Egan et al. 1997; Agboola 1998 and Pujol et al. 2000) while others 
reported both osmotic and ionic effects (Mohammed and Sen 1990; 
Rehman et al. 1997 and Ndour and Danthu 1999).  
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Salinity reduces the total number of seeds germinating and postpones 
initiation of germination processes; however, within each group the 
responses are variable and specific according to species. Salinity influences 
seed germination primarily by lowering the osmotic potential of the soil 
solution sufficiently to retard water absorption by seeds, but also by 
toxicity to the embryo (Zekri 1993). 
Acacia nilotica, Acacia senegal, Albizzia lebbeck, Casuarina equisetifolia 
and Eucalyptus camaldulensis have been chosen for this study due to their 
multipurpose value (Shakil et al. 1997), wide use in plantations and proven 
salt tolerance at different growth stages in various environments (Mandal 
and Handoo 1998a). The effect of salinity on seed germination of these 
species needs to be tested. Germination is considered as a viable criteria 
used for selecting salt tolerance in plants (Boubaker 1996).  
3.1.1 Objectives  
The main objective of this study is to test the effect of salinity level of 
irrigation water on seed germination of A. nilotica, A. senegal, A. lebbeck, 
C. equisetifolia and E. camaldulensis. The specific objectives were to study 
effect of salinity level of irrigation water on germination percentage and 
germination rate of seeds under laboratory and nursery conditions. 
3.2 Materials and methods 
The effect of irrigation with saline water on germination of five species 
tree forest at laboratory and nursery stage was examined. The species 
tested were A. nilotica, A. senegal, A. lebbeck, E. camaldulensis and C. 
equisetifolia. 
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3.2.1 Seed sources and treatment 
Seed of A. nilotica and E. camaldulensis were obtained from the National 
Seed Center Soba - Sudan. A. senegal seed were collected from south 
Darfur while A. lebbeck were collected from the Shambat area, and seeds 
of C. equisetifolia were obtained from Lattakia in Syria Arab Republic.  
Before the germination tests, damaged and insect infected seeds were 
discarded. Pregermination treatment was applied to seeds of A. nilotica, A. 
senegal and A. lebbeck. Seeds of A. nilotica were treated with (H2SO4) for 
one hour while A. senegal and A. lebbeck seeds were treated for ten 
minutes. No pretreatment was conducted on C. equisetifolia and E. 
camaldulensis seeds. 
3.2.2 Preparation of saline solution  
Five solutions of electrical conductivity (EC) 0.4 (control), 2, 5, 10 and 15 
dSm
-1
 (deciSiemens per meter) were prepared by dissolving zero, 0.629, 
1.142, 1.735 and 2.194 (g/l) of NaCl, and zero, 0.513, 1.692, 3.904 and 
6.244 (g/l) of CaCl
2
 respectively, in distilled water. 
3.2.3 Experiment description   
Two studies were carried out to investigate the effect of saline irrigation 
water (0.4, 2, 5, 10 and 15 dSm
-1
) on germination percentage and 
germination rate of seeds. The first study was in a laboratory using Petri 
dishes and the second was carried out at a nursery using pots.  
3.2.4 Laboratory study 
The study was carried out under laboratory conditions in the Faculty of 
Forestry, University of Khartoum in 2007. The seeds were prepared for 
germination. Sterile glass Petri dishes (9 cm diameter) lined with sterile 
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filter papers and moistened with 5ml sterile distilled water were prepared. 
Twenty five seeds were placed in each dish for A. nilotica, A. senegal and 
A. lebbeck, and one hundred seeds for C. equisetifolia and E. 
camaldulensis. Three dishes were assigned to each species per treatment 
(0.4, 2, 5, 10 and 15 dSm
-1
). The dishes were arranged in Completely 
Randomized Design. The seeds were irrigated with the assigned salinity 
solutions kept wet throughout the course of the germination test. 
Germination counts were performed daily for 25 days. 
3.2.5 Nursery study 
This study was carried out under normal nursery conditions in the Faculty 
of Forestry, University of Khartoum in 2007. Sandy soil was placed in 
pots, (28 cm in height and 25 cm internal diameter). Twenty seeds of A. 
nilotica, A. senegal, Al. lebbeck and about one hundred seeds of C. 
equisetifolia and E. camaldulensis were sown in each pot. Three pots were 
assigned randomly to each species for each of the five treatments. The pots 
were arranged in a Completely Randomized Design. The pots were 
irrigated with the prepared solutions of the five salt concentrations (0.4, 2, 
5, 10 and 15 dSm
-1
). Seeds started to germinate after three days from 
sowing. Germinated seeds were counted and recorded daily for twenty five 
days after sowing.  
3.2.6 Data analysis 
Germination percentage (GP) and rate (GR) were calculated as follows: 
The germination percent after 25 days from the date seed sowing   
GP = 
No .of  germinated  seeds
Total  No .of  seeds  in  Pertri −dishes
× 100 
GR = 
(n1×t1)+ n2×t2 + n3×t3  … (n i ×ti )
T
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n  ≡ Number of days for each counting of germinated seeds. 
t   ≡ Number of germinated seeds in each counting day. 
T  ≡ Total number of germinated seeds.  
Data were angular transformed then analyzed statistically through analysis 
of variance procedure using SAS computer programmer (SAS 1987). 
Means of both treatments and species were distinguished by Duncan's 
Multiple Range Test at P<0.05. 
3.3  Results 
Germination   
The effect of salinity on germination percentage and rate was generally 
highly significant for the studied tested species under the laboratory and 
nursery conditions. 
3.3.1 Acacia nilotica 
The effect of salinity level on germination percent and rate was highly 
significant (P<0.001) in the laboratory and nursery tests. The germination 
percent was significantly lower with the increase of salinity level both at 
the laboratory and the nursery (Table 3.1). The germination percent 
dropped after the salinity level of 2.0 dSm
-1
 in the laboratory while it 
dropped after 0.4 dSm
-1
 in the nursery test.  On the other hand, the 
germination rate increased significantly with the increase of salinity level 
after 2.0 dSm
-1 
in the laboratory test and after 0.4 dSm
-1 
at nursery test 
(Table 3.1). 
3.3.2 Acacia senegal  
The effect of salinity was highly significant (P <0.001) on germination 
percent in the laboratory test, and on germination percent and rate in the 
nursery test. However, the effect was not significant (P= 0.44) on 
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germination rate in the laboratory test (Table 3.2). The germination percent 
dropped similarly in the laboratory and nursery test with the increase in the 
salinity level. The germination rate increased significantly with the 
increase of salinity in the nursery test (Table 3.2). 
3.3.3 Albizzia lebbeck  
The effect of salinity level was highly significant (P <0.001) on 
germination percent and rate under the laboratory and nursery conditions. 
Germination percent showed significant reduction with the increase of 
salinity level both at the laboratory and the nursery (Table 3.3). 
Germination percent dropped significantly with the increase of salinity 
level higher than 2.0 dSm
-1
 in the laboratory and nursery conditions. On the 
other hand, the germination rate increased significantly with the increase of 
salinity level after 5.0 dSm
-1 
in the laboratory and after 10.0 dSm
-1 
in the 
nursery test (Table 3.3).    
3.3.4 Casuarina equisetifolia   
The effect of salinity level was highly significant (P<0.001) on germination 
percent and rate in laboratory test and on germination percent in nursery 
test. However, the effect was significant on germination rate in the nursery 
test (P < 0.05). The germination percent showed significant reduction with 
the increase of salinity level both at the laboratory and the nursery (Table 
3.4). The germination percent dropped after the salinity level of 0.4 dSm
-1
 
in the laboratory test while it dropped after 2.0 dSm
-1
 in the nursery test. 
However, the germination rate in the laboratory test differentiated among 
the means with two groups (Table 3.4).
 
No significant differences were 
observed on germination rate between the salinity levels from 0.4 to 10 
dSm
-1
 at nursery test (Table 3.4).  
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3.3.5 Eucalyptus camaldulensis  
The effect of salinity level on germination percent and rate was highly 
significant (P < 0.001). The germination percent dropped similarly in the 
laboratory and nursery test with the increase in the salinity level (Table 
3.5). The germination percent dropped after 2.0 dSm
-1
 in the laboratory and 
nursery tests. However, the germination rate increased significantly with 
the increase of salinity level after 5.0 dSm
-1 
(Table 3.5). No significant 
differences were observed on germination rate between the salinity levels 
from 0.4 to 10.0 dSm
-1
 in the nursery test (Table 3.5). 
Table 3.1. Effect of salinity level on germination (Ger) percent and rate of A. nilotica after 25 
days from sowing 
Salinity level 
(EC) dSm
-1 
Laboratory test Nursery test 
Ger % Ger Rate (days) Ger  % Ger Rate (days) 
  0.4 85 a 5.9 c 87 a 5.5 c 
  2.0
 
78 a 6.3 c 72 b 6.2 b 
  5.0 61 b 8.1 b 60 b 6.5 b 
10.0 51 c 8.2 b  54 bc 6.8 b 
15.0 38 d         10.6 a  40 c 8.4 a 
P 0.0001 0.0001 0.0006 0.0007 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 3.2. Effect of salinity level on germination (Ger) percent and rate of A.senegal after 25 
days from sowing 
Salinity level 
(EC) dSm
-1
 
Laboratory test Nursery test 
Ger % Ger Rate (days) Ger  % Ger Rate (days) 
          0.4 89 a 5.7 91 a 4.7 c 
          2.0
 
71 b 5.9 77 b   5.3 bc 
          5.0 62 b 6.2 72 b  6.0 b 
        10.0  50 c 6.4 61 c  6.1 b 
        15.0 36 d 7.0 32 d  7.3 a 
P 0.0001 0.44 0.0001 0.0007 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
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Table 3.3. Effect of salinity level on germination (Ger) percent and rate of Albizzia lebbeck after 
25 days from sowing 
Salinity  level 
(EC) dSm
-1
 
Laboratory test Nursery test 
Ger % Ger Rate (days) Ger  % Ger Rate (days) 
 0.4 91 a 4.7 c 89 a 6.7b 
 2.0
 
87 a 5.7 c 84 a 6.7 b 
 5.0 75 b 5.7 c 67 b 6.8 b 
         10.0 65 c 8.0 b 50 c 7.9 b 
         15.0 58 c 9.6 a 20 d         11.3 a 
P 0.0001 0.0001 0.0001 0.001 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 3.4. Effect of salinity level on germination (Ger) percent and rate of C. equisetifolia after 
25 days from sowing 
Salinity level 
(EC) dSm
-1
 
Laboratory test Nursery test 
Ger % Ger Rate (days) Ger  % Ger Rate (days) 
  0.4 90 a 6.2 b 80 a    7.5 b 
  2.0
 
  82 ab 6.1 b 73 a    7.6 b 
  5.0 70 b 7.8 a 50 b    8.0 b 
10.0 42 c 8.5 a 30 c     8.6ab 
15.0 17 d 8.9 a 13 c  10.2a 
P 0.0001 0.0019 0.0001 0.05 
  Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test 
Table 3.5. Effect of salinity level on germination (Ger) percent and rate of Eucalyptus 
camaldulensis after 25 days from sowing 
Salinity level 
(EC) dSm
-1
 
Laboratory test Nursery test 
Ger % Ger Rate (days) Ger  % Ger Rate (days) 
  0.4 72 a 6.8 c 67 a   7.6 b 
  2.0
 
67 a 8.6 c 65 a   8.7 b 
  5.0  50 b 8.7 c 34 b 11.9 b 
10.0  24 c         11.3 b 20 c 12.7 b 
15.0 10 d         13.8 a   7 d 14.2 a 
P 0.0001 0.0003 0.0001 0.0024 
  Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
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3.4 Discussion 
Results of the germination test of the five species tested using the tested 
concentrations of saline water showed that the seeds of all species were 
able to germinate at all salinity levels during the course of the experimental 
period. Germination was delayed with the increased salinity level from up 
0.4 dSm
-1
 the threshold value for A. nilotica and after 2.0 dSm
-1 
for C. 
equisetifolia and after 5.0 dSm
-1 
for A. lebbeck and E. camaldulensis of 
laboratory test, and after 10 dSm
-1 
for A. lebbeck, C. equisetifolia and E. 
camaldulensis of nursery test. These results were in agreement with the 
findings of Unger (1991); Zekri (1993) and El Nour et al. (2006) who 
reported that germination was delayed with increased salinity level. It is, 
therefore, logical that the diffusion and reaction of water during seed 
germination will be reduced by increasing salinity, leading to delay of seed 
germination. 
The results revealed that the germination rate of the five species increased 
with the increase of salinity concentration of irrigation water, particularly 
at higher salinity levels. The results were in agreement with those of 
Sharma et al. (1998) and Mandal and Handoo (1998a). Also, Jeannette et 
al. (2002) found that the mean time to germination of Phaseolus species 
increased with the addition of NaCl and the increase was greater with the 
increase in NaCl concentration. 
Although the effects of high salt content on metabolic processes are yet to 
be fully elucidated, it is reported that salinity reduces protein hydration 
(Kramer 1983 and Slater et al. 2003) and induces changes in the activities 
of many enzymes (Dubey and Rani 1990 and Garg et al. 1993) in 
germinating seeds.
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The decrease in the germination percentage of the five species with the 
increase in salinity concentration in irrigation water was in agreement with 
the results of Khan et al. (2009) worked with A. nilotica, Hardikar and 
pandey (2008) of A. senegal, Immanuel and Ganapathy (2007) of Ceiba 
pentandra and E. camaldulensis, Ramoliya and pandey (2002 and 2006) of 
A. nilotica and A. leebeck and Duan et al. (2004) of Chenopodium 
glaucum. Similar results were obtained with use of different concentration 
of NaCl for seed germination (Rehman et al. 1997; Agboola 1998; Ndour 
and Danthu 1999; Aziz et al. 2001; Sherbeeni 2001; Ying Shen et al. 2003; 
Aref et al. 2005 and Khan et al. 2009). 
The drop in the germination percentage for most of the studied species 
after 2 dSm
-1
 was in agreement with Ibrahim (1983) who reported that 
forest tree species are in general, sensitive to irrigation with salinity level 
greater than 2 dSm
-1
 by reduction in germination percentage. 
Response of each tree species varied for each salinity level. The drop in 
germination percentage between 0.4 dSm
-1
 and 15 dSm
-1
 was 91 to 58 % 
for A. lebbeck, 85 to 38% for A. nilotica, 89 to 36 % for A. senegal, 90 to 
17% for C. equisetifolia and 72 to 10% for E. camaldulensis in the 
laboratory. While the drop in the nursery was 87 to 40 % for A. nilotica, 91 
to 32 % for A. senegal, 89 to 20 % for A. lebbeck, 80 to 13 % for C. 
equisetifolia and 67 to 7 % for E. camaldulensis. The results showed that 
the germination percentage had declined significantly with higher salinity 
levels in most of the studied species. Similar results were obtained for 
forest trees (Ying Shen et al. 2003). Also, these results were in agreement 
with Abdelazim (1988) who founded that A. nilotica has tolerated salinity 
at germination stage. The threshold salinity for a significant reduction in 
germination varies between the different species (Gulzar and Khan 2001). 
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From previous studies, Ramoliya and pandey (2006, 2002); Ramoliya et al. 
(2004); Hardikar and Pandey (2008) indicated that seed germination of salt 
tolerant A. lebbeck, A. nilotica, Acacia catechu and A. senegal were 
reduced to 50% (SG50) in soil with salinity at 9.5 dSm
-1 
8.6 dSm
-1 
6.0 dSm
-
1
 5.9 dSm
-1
, respectively. However, in the present study A. lebbeck, A. 
nilotica and A. senegal reached SG50 at 10 dSm
-1
, and C. equistifolia and 
E. camalduleensis at 5 dSm
-1
. It indicates that A. lebbeck, A. nilotica and A. 
senegal species are salt tolerant at seed germination phase. Also, the results 
would suggest that C. equisetifolia and E. camaldulensis species are 
moderately salt tolerant at seed germination phase. However, salinity 
exceeding 10 dSm
-1
 for A. lebbeck A. nilotica and A. senegal and exceeding 
5 dSm
-1 
for C. equistifolia and E. camalduleensis were detrimental to seed 
germination and it can be attributed to decreasing osmotic potential of the 
soil solution with increasing concentration of salt. It was observed that 
seeds began to shrink within a few days without opening of the seed coat 
for A. senegal in the soil with high salt concentration and later became 
nonviable. 
 
The delay in seed germination or the decrease in its percentage of the five 
tested species under saline concentrations may be explained as a result of 
lowering osmotic potential. This seems true because when plant are 
exposed to salt concentrations that are higher than normal, the passage of 
sodium and chloride ions along the normal diffusion gradient will result in 
both a change in the ionic composition of the cell and a decrease in the 
water potential (Crawford 1978). Katembe et al. (1998) found that the 
higher concentrations of NaCl were inhibitors to imbibitions suggesting 
that the influence of NaCl is a combination of an osmotic effect and a 
specific ion effect. Also, they indicated that it is not resolved yet whether 
the effect is through an osmotic effect or specific ion toxicity. 
47 
It is worth mentioning that variations in germination percentage of the five 
species were observed between those grown in Petri dishes (laboratory) 
and in pot test (nursery). The difference is minimal for A. nilotica and A. 
senegal, while there were apparent differences for A. lebbeck C. 
equisetifolia and E. camaldulensis particularly at high salinity levels. 
Moreover, the germination percentage for the above mentioned species is 
higher in the Petri dishes compared to pots of most studied species. 
The results indicates that A. lebbeck, A. nilotica and A. senegal species are 
salt tolerant at seed germination phase. Also, they suggest that C. 
equisetifolia and E. camaldulensis species are relatively salt tolerant at 
seed germination phase. 
Based on the results achieved in this study, Acacia nilotica, Acacia senegal 
and A. lebbeck are recommended for planting in saline soils and planting of 
C. euisetifolia and E. camaldulensis should be avoided. 
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CHAPTER FOUR (PAPER TWO) 
Effect of Salinity Level of Irrigation Water on Seedling Growth and 
Mineral Content of Five Forest Tree Species 
4.1 Introduction 
Salt-tolerant plants, both cultivated and wild, have assumed an increasing 
importance during recent decades. Scarcity of fresh water resources 
suitable for conventional agriculture, salinization of irrigated agricultural 
lands, intrusion of seawater to inland aquifers due to overexploitation of 
groundwater resources climate change and other natural causes have all led 
to increased salinity problems in many parts of the world. Arid zones are 
particularly susceptible to the problems of soil and water salinization. 
Water scarcity in such regions is a major constraint to further development, 
particularly with regard to meeting agricultural demands. The use of saline 
water resources and salt-affected soils in agricultural production is 
unavoidable in such environments.   
Saline soils in arid zones are usually found in depressions where salts 
concentrate as a result of excessive evaporation. Soil salinity may also be 
due to high water tables and bad drainage in salt bearing soils. It may also 
develop as a result of irrigation with saline water. Enormous areas of 
previously productive agricultural lands have been rendered unsuitable for 
farming due to salinity (Hafeez 1993), or their productivity is reduced by 
excess salts (Gill et al. 1987). The accumulated salts usually comprise 
chlorides (Cl
-
), sulphates, and carbonates of sodium (Na
+
), magnesium 
(Mg
2+
) and calcium (Ca
2+
). Among these, sodium chloride (NaCl) is the 
predominant salt determining soil salinity followed by sodium carbonate or 
sodium sulphate and salts of Mg (Greenway and Munns 1980).  
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Some salts can be toxic to root tissue, burn tips and edges of leaves, slow 
growth, nutrient deficiencies, wilting and eventual death of the plant can 
occur if the salt level is excessive. Inhibition of plant growth and 
development under salt conditions is, at least in part, due to both osmotic 
and ionic components, which may cause plant water deficit, unbalance of 
nutrients, and ion toxicity (Munns 2002). The control of the rate of ion 
(mainly Na
+
 and Cl
–
) uptake from the soil and its transport and distribution 
throughout the plant, as well as the capacity to compartmentalize ionic 
solutes in the vacuole at the same time that organic solutes accumulate in 
the cytoplasm (osmotic adjustment) have been considered as important 
mechanisms by which plants can tolerate salinity (Ashraf and Harris 2004). 
A wide array of adaptive mechanisms has been reported in higher plants to 
cope with salinity stress. The mechanisms  include  ion  exclusion,  ion  
inclusion,  ion  uptake  selectivity,  ion  homeostasis, compartmentation 
(Marschner 1995; Borsani et al. 2003; Flowers 2004 and Saqib et al. 
2005). Variations in these adaptive mechanisms are responsible for 
differences in tolerance or resistance of plants against these stresses. These 
differences can be exploited to screen and develop more tolerant and 
resistant plants that can grow on saline soils with economic plant (Saqib et 
al. 2005). Salt tolerance of plants varies with the stage of development, 
type of salts, edaphic factors (soil moisture and nutrients), and climatic 
conditions (relative humidity, temperature, precipitation and radiation) 
(Nachtergaele 1976). Depression in germination rate and reduction in 
juvenile development of plants parameters are used to test plant tolerance 
to salinity. 
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4.1.1 Research Problem  
Salinity is considered as a worldwide problem affecting most lands and     
growth of most plants. Some plants can live normally in saline soil and it 
seems they developed several mechanisms in dealing with salinity in their 
environment (Munns and Termaat 1986). Forest trees differ in their salinity 
resistance (Hall and Long 1993) and their reactions to salts and ions and 
they may be sensitive in some stage and resistant in another stage. Ibrahim 
(1983) reported that forest tree species are in general, sensitive to irrigation 
with saline water having electrical conductivity (EC) greater than 2 dSm
-1
. 
It results in decrease in shoot, root length and increase in mortality. 
Ibrahim (1983) and Abdelazim (1988) showed that A. nilotica is tolerant to 
salinity. Also Hafeez (1993) showed that the best performing species 
belong to Eucalyptus spp, A. nilotica and C. equisetifolia in comparison 
with other species in an experiment done in Pakistan to reforest waste land 
affected with salinity. Also, Kumar and Barta (1993) showed that 
Casuarina equisetifolia growth was not affected by salinity until 9.2 dSm
-1
. 
Also, Singh et al. (1994) and Patil et al. (1996) classified Casuarina 
equisetifolia as resistant to salinity. Hassan and Abou El-Azayem (1990) 
using 174 mM NaCl showed wide variation for acceptance of salt among 
eleven species of fruits seedling. Also, noticed increase in Ca concentration 
in plant tissues by increasing of salt containing which is used by irrigation 
on Cleopatra mandarin and rough lemon (Taher 1983) and on Washington 
Navel orange (Abdel-Messih et al. 1984).   
4.1.2  Objectives 
The main objective of this study was to evaluate the physiological and 
morphological performance of seed A. nilotica, A. senegal, A. lebbeck, C. 
equisetifolia and E. camaldulensis under increasing levels of salinity. 
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The specific objectives were to the study effect of salinity level of 
irrigation water on the above mentioned five species on the following: 
1) Seedling growth parameters (total, shoot and roots dry weight and 
length, diameter of shoot and root)       
2) Accumulation of Ca2+, Mg2+, Na+ and Cl- in seedling shoots and roots 
4.2 Materials and methods 
This study was conducted to examine the effect of irrigation with saline 
water on seedling growth and chemical composition of A. nilotica, A. 
senegal, A. lebbeck, C. equisetifolia and E. camaldulensis. 
4.2.1 Treatments: 
Four concentrations of saline solutions were used at a fixed sodium 
adsorption ratio (SAR) which was 5 (mmol/l)
1/2
 calculated using the 
following formula: 
SAR = [Na (mmol/l) / (Ca mmol/l)
 1/2
] 
Laboratory pure analar NaCl and CaCl2 salts were used to prepare saline 
solutions of four concentrations, based on the atomic weights of Na, Ca 
and Cl are 23, 40, and 35.5, respectively. And the sodium adsorption ratio 
(SAR) is 5 (mmol/l)
 1/2
. The prepared saline solutions have EC of 0.4, 2, 5, 
10 and 15 dSm
-1
. 
The solutions were: 
EC dSm
-1 Na (meq/l) NaCl(g/l) Ca(meq/l) CaCl
2
(g/l)
 
Meq/l 
0.4 * * * * * 
2 10.75 0.629 9.25 0.513 20 
5 19.52 1.142 30.48 1.692 50 
10 29.66 1.735 70.34 3.904 100 
15 37.5 2.194 112.5 6.244 150 
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4.2.2 Seed Sources  
A. lebbeck seeds were collected from Shambat area, and seeds of C. 
equisetifolia were obtained from the Alhnade nursery Latekki in Syria, 
while A. nilotica, A. senegal and E. camaldulensis seeds were obtained 
from National Seeds Center-Soba-Sudan.    
4.2.3 Preparation of seeds 
Before sowing, damaged and insect infected seeds were discarded and the 
healthy seeds from each species were chosen. Seeds of A. nilotica were 
treated with (H2SO4-95%) for one hour, and the seeds A. senegal for ten 
minutes, whereas the seeds of A. lebbeck were put into tab water for 24 
hours. Seeds of E. camaldulensis and C. equisetifolia were not treated. 
4.2.4 Experimental details 
The experiment was carried out in the nursery of the Faculty of Forestry,   
University of Khartoum with half shade from May 9 to December 5, 2007. 
A total of 750 polythene bags (10 x 25 cm when flat) that were filled with a 
mixture of silt and sand (1:1) were used. The polythene bags were 
distributed randomly into five nursery beds (150 per bed).  Each bed was 
further divided into three plots with 50 bags per plot and each plot had 5 
rows of bags (10 bags per row). The five species were assigned randomly 
to each row in each plot and seeds were sown in each bag.  Irrigation was 
then applied with tap water every three days for the first 45 days. After 
germination, seedlings were thinned and replanted to insure one seedling 
per polythene bag. The five treatments of the prepared saline solutions 
were then assigned randomly to the plots with three replications per 
treatment. Thereafter irrigation continued with the prepared saline 
solutions and was applied every three days until the end of the experiment. 
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4.2.4.1 Harvests 
Seedlings were harvested after 80, 120, 165 and 210 days from the day of 
seed sowing, i.e. after 35, 75, 120 and 165 from the start of the treatments. 
Six seedlings were assigned randomly per species and treatment and 
replication. Polyethylene bags were cut longitudinally; roots were washed 
gently under tab water. Roots were then separated from stems, length of 
stems and roots were measured using ruler, and a vernier was used for 
diameter of the stems and roots measurements. Dry weight for roots and 
shoots were determined by a sensitive balance, after using oven for 48 
hours in 65ºC. Also root / shoot dry weight ratio was calculated. 
4.2.5 Chemical analysis 
4.2.5.1 Plant nutrients chemical analysis 
The dried roots and shoots of the final harvest were used for chemical 
analysis. Three root and three shoot samples per species per treatment were 
grinded and used. About 1 to 2 g per sample was burnt inside an oven for 4 
hours at 600 Cº. 
Five milliliters of hydrochloric acid (HCl) were added to each burnt sample 
to separate the plant minerals from the other constituents. The solution was 
filtered in filter paper to get rid of solid item. 45ml distilled water was 
added to each sample. After that the concentration percentage for Na
+
, 
Ca
2+
, Cl
-
 and Mg
2+
 was determined by the methods described by Chapman 
and Pratt (1961) as follows: 
 Na is determined by the flame photometer  
  Cl Measured by titration with Silver Nitrate.  
 Ca and Mg measured by titration against Ethylenediaminetetraacetic 
acid (EDTA). 
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4.2.5.2 Soil analysis: 
The soil pH was measured by pH - meter in saturated soil paste. 
Electrical conductivity (EC) measured by EC-meter in saturated soil paste 
extract. SAR was calculated as follows: SAR = 
𝑁𝑎
 [ Ca +Mg  /2]
 , where the 
ionic concentrations were substituted in mmole 
+
/l. Also, the method 
described Chapman and Pratt (1961) was used to determine Ca
2+
, Mg
2+
 of 
soil samples by titration against EDTA, Na
+
 in soil was determined by the 
flame photometer, and Cl in soil it determined in saturated soil paste by 
titration with Silver Nitrate. 
4.2.6 Statistical analyses 
All the data obtained were subjected to analysis of variance by SAS 
program. The Duncan is Multiple Range Test was used to separate the 
means. 
4.3 Results  
The results are presented in two sections. Firstly, the results of 
morphological parameters, which included total, shoot and root dry 
weights and the length and diameter of root and shoot were presented. 
Secondly, the plant tissue and soil chemical analyses were presented. 
4.3.1 Morphological Parameters  
4.3.1.1 A. nilotica 
The effect of salinity level was significant (P < 0.05) on total, shoot and 
root dry weights and was not significant (P > 0.05) on root/shoot dry 
weight ratio in the four harvests as shown in Tables 4.1 and 4.2. The lowest 
salinity level (0.4 dSm
-1
) had the higher values of total dry weight and 
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shoot dry weight while higher salinity levels from 5.0 dSm
-1
 to 15.0 dSm
-1
 
had the lowest values in the four harvests (Table 4.1 and 4.2). The effect 
developed with time where the root dry weight differences were not among 
salinity levels from 0.4 to 5.0 dSm
-1
 in harvest 1. Differences started to 
show at harvest 2 and more with harvest 3 and 4. The lowest salinity level 
0.4 dSm
-1
 had the higher values of root dry weight compared to the other 
levels at harvest 4 (Table 4.2).  
The effect of salinity level was significant on shoot length (P = 0.002) and 
root length (P= 0.03) in harvest 4 (Table 4.3). The effect on shoot length 
decreased with increase in salinity levels. The lowest salinity level (0.4 
dSm
-1
) had the higher values of root length compared to the other levels 
(Table 4.3). 
The effect of salinity level was significant (P < 0.05) on shoot and root 
diameter in the four harvests. The effect was pronounced with time where 
differences were not significant among levels from 0.4 to 5.0 dSm
-1
 in 
harvests 1and 2. Differences started to show in harvests 3 and 4 (Figures 
4.1 and 4.2). 
Table 4.1. Effect of salinity level of irrigation water on total dry weight and 
ratio of root / shoot dry weight of A. nilotica seedlings in four subsequent 
harvests (H.1 to H.4) 
Salinity levels 
(Ec) dSm
-1
 
Total dry weight (g) Root /shoot ratio 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
0.4 2.6a 5.4a 6.8a 7.5a 0.13 0.11 0.11 0.13 
2.0
 
2.1ab 4.1ab 4.9ab 5.1ab 0.15 0.14 0.11 0.11 
5.0 1.9 b 3.2 b 4.1 b 4.6 b 0.13 0.15 0.13 0.11 
10.0 1.5 b 3.1 b 3.5 b 3.8 b 0.13 0.13 0.13 0.12 
15.0 1.4 b 2.9 b 3.1 b 3.2 b 0.14 0.13 0.14 0.14 
P 0.002 0.012 0.005 0.017 0.31 0.71 0.39 0.62 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of 
the treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
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Table 4.2. Effect of salinity level of irrigation water on shoot and root 
weights of A. nilotica seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels  
(EC) dSm-1 
Shoot dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  2.3a 4.9a 6.1a 6.7a 0.31a 0.53a 0.70 a 0.82 a 
  2.0  1.8ab 3.6ab 4.4ab 4.6ab 0.27ab 0.48ab 0.49 b 0.51 b 
  5.0  1.7 b 2.8 b 3.7 b 4.1 b 0.23ab 0.39 b 0.43 b 0.47 b 
10.0 1.3 b 2.7 b 3.1 b 3.4 b 0.18 b 0.35 b 0.40 b 0.43 b 
15.0  1.2 b 2.6 b 2.7 b 2.8 b 0.17 b 0.33 b 0.38 b 0.39 b 
P  0.003 0.016 0.005 0.02 0.009 0.03 0.01 0.01 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 4.3. Effect of salinity level of irrigation water on shoot and root 
lengths of A. nilotica seedlings in four subsequent harvests (H.1 to H.4)  
Salinity  levels 
(EC) dSm-1 
Shoot length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4 60 74 80 91a 33 39 43 46 a 
  2.0 54 65 71 86ab 32 34 35 36 b 
  5.0 54 57 65  73bc 30 33 34 36 b 
10.0 52 56 60 64 c 30 32 34 35 b 
15.0 46 53 59 62 c 28 31 33 34 b 
P  0.16 0.10 0.29 0.002 0.52 0.11 0.16 0.03 
 Harvests1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
 
Fiugre 4.1. Effect of salinity level of irrigation water on shoot diameter of A. nilotica 
seedling in four subsequent harvests (H.1 to H.4) 
a
a
a a
ab
ab
ab ab
ab
ab b
b
b
b b
b
b
b b
b
0
1
2
3
4
5
H.1 (P=0.04) H.2 (P=0.012) H.3 (P=0.01) H.4 (P=0.04)
Sh
o
o
t 
d
ia
m
e
te
r 
(m
m
)
Means with the same letters in the same harvest are not …
0.4dsm-1
2.0dsm-1
5.0dsm-1
10.0dsm-1
15.0dsm-1
57 
Fiugre 4.2. Effect of salinity level of irrigation water on root diameter of A. nilotica 
seedling in four subsequent harvests (H.1 to H.4) 
4.3.1.2 A. senegal 
The effect of salinity level was significant (P < 0.05) on total, shoot and 
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The effect of salinity level was significant (P < 0.05) on shoot and root 
diameter in the four harvests (Figures 4.3 and 4.4). The effect developed 
with time where differences were not significant among salinity levels 
from 0.4 to 10 dSm
-1
 in harvest 1. Differences started to show in harvests 2 
and 3 and a clear distinction among the levels was seen at harvest 4. The 
effect decreased gradually with increase salinity level on shoot and root 
diameter in harvest 4 (Figures 4.3 and 4.4). 
Table 4.4. Effect of salinity level of irrigation water on total dry weight and 
ratio of root / shoot dry weight of A. senegal seedlings in four subsequent 
harvests (H.1 to H.4)  
Salinity  levels 
(EC) dSm-1 
Total dry weight (g) Root /shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
   0.4   2.2a 3.6a 4.3a  5.0a 0.32 0.45 0.55 0. 67 
  2.0  1.7ab 2.5ab 2.9ab   3.5b 0.33 0.55 0.65 0.74 
  5.0  1.7ab 2.1 b 2.4 b  2.5bc 0.33 0.61 0.70 0.68 
10.0  1.5ab 1.8 b 1.8 b  1.8bc 0.36 0.63 0.64 0.63 
15.0  1.2 b 1.5 b 1.5 c 1.5 c 0.40 0.65 0.66 0.66 
P 0.048 0.005 0.012 0.0001 0.95 0.39 0.37 0.003 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of 
the treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
Table 4. 5. Effect of salinity level of irrigation water on shoot and root dry 
weights of A. senegal seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels  
(EC) dSm-1 
Shoot dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  1.65a 2.5a 2.8a 3.0a 0.53a 1.1a 1.5a 2.0a 
 2.0  1.27ab 1.6ab 1.8 b 2.0b 0.43a 0.9ab 1.1ab 1.5ab 
 5.0  1.27ab 1.3ab 1.4 b 1.5bc 0.43a 0.8ab 1.0ab 1.1bc 
10.0  1.05ab 1.1  b 1.1 c 1.1 c 0.42a 0.7 b 0.7 bc 0.7 c 
15.0 0.80 b 0.9 b 0.9 c 0.9 c 0.37b 0.6 b 0.6 c 0.6 c 
P  0.007 0.013 0.009 0.0003 0.69 0.002 0.033 0.0003 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of 
the treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
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Table 4. 6. Effect of salinity level of irrigation water on shoot and root lengths of 
A. senegal seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  43 48 51 53a 33a 37a 44a 47a 
 2.0  39 42 44 47ab 29a 33ab 35 b 37 b 
 5.0  39 40 41 45ab 29a 31abc 33 bc 34 bc 
10.0  37 38 40 40  b 30a 29 bc 33 bc 33 bc 
15.0  33 35 38 38  b 23 b 26 c 26  c 26  c 
P  0.17 0.16 0.29 0.014 0.005 0.03 0.002 0.0001 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
 
 
 
Fiugre 4.3. Effect of salinity level of irrigation water on shoot diameter of A. senegal 
seedling in four subsequent harvests (H.1 to H.4) 
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4.3.1.3 Albizzia lebbeck 
The effects of salinity level were significant (P < 0.05) on total and shoot 
dry weights in the four harvests and on root dry weight after the harvest 1 
as shown in Tables 4.7 and 4.8. The salinity level 0.4 dSm
-1
 had resulted in 
significantly higher total and shoot dry weight than the other higher levels 
in the four harvests. The differences among the other levels developed with 
time where 10.0 and 15.0 dSm
-1
 showed lower total and shoot dry weight 
in harvest 4. Differentiation among the means was evident with time and 
by harvest 4 there was clear three groups (Tables 4.7 and 4.8). The effect 
was pronounced with time where the root dry weight differences were not 
significant among salinity levels from 0.4 to 5.0 dSm
-1
 at harvest 2 and 
differences started to show in harvest 3 and 4, where there was gradual 
decrease from the lowest levels of salinity to higher levels (Table 4.8). The 
effect was significant on root/shoot dry ratio (P =0.034) in harvest 4. The 
differences were only significant between (0.4 dSm
-1
) and (15 dSm
-1
) level 
as shown in Table 4.7. 
The effect of salinity level was significant (P < 0.05) on shoot length in the 
four harvests and on root length (P = 0.024) only in harvest 4 (Table 4.9). 
The effect decreased gradually with increase salinity level for shoot length 
at four harvests (Table 4.9). The differences were only significant between 
(0.4 dSm
-1
) and (10 and 15 dSm
-1
) for root length (Table 4.9).   
The effect of salinity level was significant (P < 0.05) on shoot and root 
diameter in the four harvests (Figures 4.5 and 4.6). The effect developed 
with time where differences were not significant among 0.4 to 10 dSm
-1
 
levels in harvest 1. Differences started to show in harvests 2 and 3 and a 
clear distinction among the levels was seen in harvest 4. The effect 
decreased with increase salinity level in harvest 4 there was clear three 
groups (Figures 4.5 and 4.6). 
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Table 4.7. Effect of salinity level of irrigation water on total dry weight and ratio 
of root / shoot dry weight of A. lebbeck seedlings in four subsequent harvests (H.1 
to H.4) 
Salinity  levels 
(EC) dSm-1 
Total dry weight (g) Root /shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  3.1 a 11.0a 18.3a   25.4 a 0.34 0.53 0.79 0.97  b 
  2.0  2.4 b 7.6 b 11.8b 15.0 b 0.47 0.79 1.16 1.27ab 
  5.0  2.3 b  5.5 bc 9.2b 12.9 b  0.50 0.78 1.15 1.26ab 
10.0  1.8 b 3.8 c   6.6bc   7.5 c 0.55 0.62 1.14 1.30ab 
15.0  1.7 b 3.0 c   3.7 c   4.4 c 0.56 0.86 1.18 1.45 a 
P  0.004 0.0002 0.0001 0.0002 0.16 0.12 0.15 0.034 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Table 4.8. Effect of salinity level of irrigation water on shoot and root dry 
weights of Al. lebbeck seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
0.4 2.30 a   7.7a   10.2a 13.0 a 0.77 3.27a 8.1a 12.4a 
2.0 1.62 b   4.4b   5.5 b 6.7 b 0.74 3.20a 6.3ab 8.3 b 
5.0 1.55 b 3.2bc 4.1 bc 5.9 b 0.72 2.30ab 5.1bc 7.0 bc 
10.0 1.15 b 2.3bc 3.0 bc 3.3 c 0.62 1.45 b 3.5cd 4.2 cd 
15.0 1.10 b  1.6 c  1.7 c 1.8 c 0.61 1.38 b 2.0 d 2.6  d 
P 0.0002 0.0001 0.0001 0.0002 0.67 0.0037 0.001 0.0006 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Table 4.9. Effect of salinity level of irrigation water on shoot and root lengths of 
A. lebbeck seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
0.4   33a 42a 48a 64a 31 33 41 50a 
 2.0 28ab 30 b 34 b 38 b 31 32 39 48ab 
 5.0   24 bc 26 bc  28 bc 33 bc 30 31 37 44ab 
10.0 21 c 25 bc 26 c 29 c 26 27 32 35 b 
15.0 21 c 21 c 24 c 25 c 25 26 30 32 b 
P  0.005 0.0001 0.0001 0.0001 0.23 0.26 0.12 0.025 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
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Fiugre 4. 5. Effect of salinity level of irrigation water on shoot diameter of A. lebbeck 
seedling in four subsequent harvests (H.1 to H.4) 
 
 
Fiugre 4.6. Effect of salinity level of irrigation water on root diameter of A. lebbeck 
seedling in four subsequent harvests (H.1 to H.4) 
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observed on total, shoot and root dry weight among salinity levels from 2.0 
to 15.0 dSm
-1
 in harvests 3 and 4 (Tables 4.10 and 4.11).  
The effect of salinity level was significant (P < 0.05) on shoot length in the 
four harvests (Table 4.12). The effect on shoot length was not developed 
with time where no significant were observed among the 0.4 to 5.0 dSm
-1
 
levels at four harvests. Differences were only significant between 0.4 dSm
-
1
 and 10-15 dSm
-1 
in harvests 2, 3 and 4 (Table 4.12). 
 
The effect of salinity level was significant (P < 0.05) on root length after 
harvest 2 (Table 4.12). The effect on root length was significantly different 
between 0.4 dSm
-1
 and other the levels in harvest 3 and 4 (Table 4.12).  
The effect of salinity level was significant (P < 0.05) on shoot and root 
diameter in harvest 4. This is the only harvest where they were measured 
(Figure 4.7). There was gradual decrease of the shoot and root diameters 
with increase of the salinity level where highest salinity level had lowest 
values (Figure 4.7).  
Table 4.10. Effect of salinity level of irrigation water on total dry weight 
and ratio of root/shoot dry weight of C. equisetifloia seedlings in four 
subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Total dry weight (g) Root/ shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  0.030  0.22 a 0.72 a 2.18 a 0.16 0.20 0.26 0.28 
 2.0  0.029  0.14 a 0.33 b 1.11 b 0.15 0.19 0.27 0.24 
 5.0  0.029  0.10 b 0.25 b 0.80 b 0.14 0.22 0.19 0.31 
10.0  0.015  0.08 b 0.20 b 0.70 b 0.16 0.25 0.18 0.26 
15.0  0.012  0.04 b 0.15 b 0.51 b 0.22 0.26 0.23 0.25 
P  0.21 0.016 0.003 0.009 0.21 0.78 0.30 0.76 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of 
the treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
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Table 4. 11. Effect of salinity level of irrigation water on shoot and root dry 
weights of C. equisetifolia seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  0.026 0.18 a 0.57 a 1.7 a 0.0041 0.037a 0.15a 0.48a 
 2.0  0.025 0.12 a 0.26 b 0.85 b 0.0038 0.023a 0.07 b 0.26b 
 5.0  0.026 0.08 b 0.21 b 0.6 b 0.0037 0.018 b 0.04 b 0.20b 
10.0  0.013 0.06 b 0.17 b 0.55 b 0.0021 0.015 b 0.03 b 0.15b 
15.0  0.010 0.03 b 0.13 b 0.4 b 0.0024 0.008 b 0.03 b 0.11b 
P  0.2 0.015 0.004 0.007 0.43 0.04 0.001 0.029 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 4. 12. Effect of salinity level of irrigation water on shoot and root 
lengths of C. equisetifolia seedlings in four subsequent harvests (H.1 to 
H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
   0.4 16a 31a 40 a 50 a 6.4 10.5 19 a 29 a 
  2.0 15a 26ab 35 ab 41ab 5.8 9.8 11 b 19 b 
  5.0 14ab 23ab 32 ab 38ab 6.5 9.2 11 b 18 b 
10.0 12 b 19 bc 25 bc 33 bc 5.5 8.5 10 b 17 b 
15.0 11 b 15  c  22 c 27 c 5.5 8.4    9 b  15 b 
P 0.02 0.004 0.009 0.016 0.93 0.67 0.003 0.014 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
 
 
Fiugre 4.7. Effect of salinity level of irrigation water on shoot and root diameters of C. 
equisetifolia seedling in harvest four ( H.4) 
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4.3.1.5 Eucalyptus camaldulensis 
The effect of salinity level was significant (P < 0.05) on total and shoot dry 
weights in the four harvests and after harvest 1 on root dry weight (Tables 
4.13 and 4.14). The effect developed gradually with time where differences 
among 0.4 dSm
-1
 to 5.0 dSm
-1
 levels were significant after harvest 1. 
Differentiation among the means was evident with time where there was 
three distinct groups in harvest 2, 3 and 4 (Tables 4.13 and 4.14). The 
lower levels of salinity showed higher values of total and shoot dry weight 
while the higher levels showed lower values at four harvests (Tables 4.13 
and 4.14). The effect was pronounced with time where root dry weight 
values decreased gradually with the increase in salinity levels in harvests 2, 
3 and 4 (Table 4.14). The effect of salinity level was not significant (P > 
0.05) on root/shoot ratio in the four harvests (Table 4.13). 
The effect of salinity level was significant (P < 0.05) on shoot length in the 
four harvests and after harvest 1 on root length (Table 4.18). The effect on 
shoot length decreased gradually with increase in salinity level at the four 
harvests and on length root in harvests 2, 3 and 4 (Table 4.15).  Also, the 
effect of salinity level was significant (P < 0.05) on shoot and root 
diameters in the four harvests (Figures 4.8 and 4.9). No significant 
differences were observed on shoot and root diameters among 0.4, 2 and 
5.0 dSm
-1
 in the four harvests. The lower levels of salinity 0.4 to 2 dSm
-1
 
showed higher values of shoot and root diameters while the higher levels 
10 -15 dSm
-1
 showed lower values in the four harvests (Figures 4.8 and 
4.9). 
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Table 4.13. Effect of salinity level of irrigation water on total dry weight and 
ratio of root/shoot dry weight of E. camaldulensis seedlings in four subsequent 
harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Total dry weight (g) Root/ shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  0.79a   2.0 a  3.1a  4.1a 0.13 0.19 0.17 0.19 
  2.0  0.78a   1.8 a 2.2ab 3.4ab 0.12 0.15 0.19 0.16 
  5.0  0.47ab 1.3 b 1.7 bc 2.2bc 0.15 0.19 0.18 0.20 
10.0  0.40 b 1.1 b 1.5 bc  1.6cd 0.16 0.20 0.15 0.17 
15.0  0.30 b 0.7 c 0.8  c  0.8 d 0.20 0.17 0.16 0.17 
P  0.033 0.0001 0.006 0.0004 0.06 0.07 0.64 0.38 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 4.14. Effect of salinity level of irrigation water on shoot and root dry 
weights of E. camaldulensis seedlings in four subsequent harvests (H.1 to H.4) 
Salinity  levels 
(EC) dSm-1 
Shoot dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  0.70a 1.7 a 2.6a 3.4a 0.09 0.33a 0.51a 0.71a 
  2.0  0.70a 1.6 a 1.8ab 2.9ab 0.08 0.24 b 0.35 b 0.45 b 
  5.0  0.40ab 1.1 b 1.5bc 1.8 bc 0.07 0.21bc 0.26bc 0.36 bc 
10.0  0.35 b 0.9 b 1.3bc 1.4 cd 0.06 0.19 c 0.20  c 0.22cd 
15.0  0.25 b 0.6 c 0.7 c 0.7  d 0.05 0.10 d 0.11  d 0.11  d 
P  0.024 0.0001 0.014 0.0007 0.34 0.0001 0.0001 0.0001 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 4.15. Effect of salinity level of irrigation water on shoot and root lengths 
of E. camaldulensis seedlings in four subsequent harvests (H.1 to H.4) 
Salinity levels  
(EC) dSm-1 
Shoot length  (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
  0.4  34a 40a  48a 62a 21 31a 36a 42a 
  2.0  31ab 35ab  38ab 40 b 19 27ab 29ab 31 b 
  5.0  26 bc 33ab  35 b 37 bc 20 22 bc 24 bc 28 bc 
10.0  22 c 29  b  33 bc  36 bc 21 22 bc 23 bc 24 bc 
15.0  19 c 26  c  27  c 27 c 18 20  c 21 c 20  c 
P  0.0014 0.03 0.04 0.0001 0.92 0.01 0.003 0.002 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
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Fiugre 4.8. Effect of salinity level of irrigation water on shoot diameter of E. 
camaldulensis seedling in four subsequent harvests (H.1 to H.4) 
 
 
Fiugre 4.9. Effect of salinity level of irrigation water on root diameter of E. 
camaldulensis seedling in four subsequent harvests (H.1 to H.4) 
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4.3.2 Survival   
The five studied species showed 100 % survival percentage until 75 day 
from the start of the treatments. After that the survival of A. senegal, A. 
nilotica, E. camaldulensis and A. lebbeck decreased to 50, 65, 70, 90 %, 
respectively until 120 days from beginning of treatments (Table 4.16) and 
after that it decreased for the respective species to reach 25, 50, 60, 80 %, 
respectively (Table 4.17).     
Table (4.16) Effect of salinity level of irrigation water on survival 
percentage of seedlings of the five species at age 120 days form start of the 
treatment 
Salinity  levels 
(EC) dSm-1 
A. nilotica 
(%) 
A. senegal 
(%) 
A.lebbeck 
(%) 
C.equisetifoli
a (%) 
E.camaldulensis 
(%) 
 0.4 100 100 100 100 100 
 2.0 100 100 100 100 100 
 5.0 100 100 100 100 100 
10.0 85 80 100 100 80 
15.0 65 50 95 100 70 
Table (4.17). Effect of salinity level of irrigation water on survival 
percentage of seedlings of five species seedlings at age 165 days form start 
of the treatment  
Salinity  levels 
(EC) dSm-1 
A. nilotica 
(%) 
A. senegal 
(%) 
A.lebbeck 
(%) 
C. equisetifolia 
(%) 
E.camaldulensis 
(%) 
 0.4 100 100 100 100 100 
 2.0 100 80 100 100 100 
 5.0 100 40 100 100 100 
10.0 80 40 90 100 70 
15.0 50 25 80 95 60 
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4.3.3 Mineral composition of plants 
4.3.3.1 A. nilotica  
The effect of salinity level was significant (P <0.05) on Na
+
, Cl
-
 and Mg
2+
 
contents in shoot and root tissues, and was only highly significant (P = 
0.0001) on the Ca
2+
 content in root tissues at harvest 4 (Table 4.18). The 
Na, Cl and Mg contents showed gradual increase in shoot and root tissues 
with increase in salinity level. The Ca content showed significant increase 
with the increase in salinity level in root tissues. The concentration of Na, 
Cl, Ca and Mg were, in general, higher in the root than that in shoot tissues 
in all salinity levels (Table 4.18). Concentration of Cl was, in general, 
greater than that of Ca, Mg while that of Na was lower in all tissues under 
control and salt stress conditions. 
Table 4.18. Effect of salinity level of irrigation water on minerals content 
of A. nilotica seedling at age 165 days from treatment 
Salinity  levels 
(EC) dSm-1 
Na+% Cl- % Ca+ % Mg+% 
Shoot Root Shoot Root Shoot Root Shoot Root 
  0.4 0.013 c 0.030 d 0.36 d 0.45 d 0.23  0.33  c 0.06 c 0.15 d 
  2.0 0.018bc 0.084 c 0.40 d 0.52 d 0.26  0.46  bc 0.10bc 0.65 c 
  5.0 0.029 b 0.100 c 0.55 c 0.64 c 0.26  0.66  b 0.17 b 0.74 bc 
10.0 0.050 a 0.140 b 1.45 b 1.58 b 0.26  0.63  b 0.21ab 0.79 b 
15.0 0.057 a 0.172 a 1.60 a 1.82 a 0.33  0.86 a 0.24 a 0.90 a 
P 0.0001 0.0001 0.0001 0.0001 0.36 0.0001 0.0001 0.0001 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
4.3.3.2 A. senegal  
The effect of salinity level was highly significant (P <0.001) on Na, Cl, Ca 
and Mg contents in shoot and root tissues after 165 days from treatment 
(Table 4.19). The Na and Ca contents showed significant gradual increase 
with increase in the salinity level. The increase was after 5.0 dSm
-1
 level in 
the shoot tissues and after 2.0 dSm
-1 
level in the root tissues. Also, The Cl 
content showed significant increases after 0.4 dSm
-1
 level in shoot and root 
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tissues (Table 4.19). Mg content showed gradual increase with the increase 
in salinity levels in shoot tissues, while it decreased until 2 dSm
-1 
level in 
root tissues (Table 4.19). The concentrations of Na and Cl were, in general, 
greater in the root than that in shoot tissues under salt stress conditions 
(Table 4.19). Also the content Cl was, in general, higher than that of Ca, 
Mg and Na. 
Table 4.19. Effect of salinity level of irrigation water on mineral content of 
A. senegal seedling at age 165 days from treatment. 
Salinity  levels (EC) 
dSm-1 
Na% Cl % Ca % Mg% 
Shoot Root Shoot Root Shoot Root Shoot Root 
  0.4 0.022 c 0.019 d 0.70 e 0.60 d 0.46 c 0.20 c 0.22 c 0.41 a 
  2.0 0.055 c 0.057 d 1.30 d 1.60 c 0.43 c 0.20 c 0.33 b 0. 34 b 
  5.0 0.096 c 0.137 c 1.63 c 1.70 c 0.46 c 0.44 b 0.37 b 0.24 c 
10.0 0.244 b 0.233 b 1.78 b 2.03 b 0.73 b 0.43 b 0.56 a 0.28 c 
15.0 0.356 a 0.334 a 1.94 a 2.23 a 0.95 a 0.56 a 0.64 a 0.29 c 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
4.3.3.3 A. lebbeck  
The effect of salinity level was significant (P <0.05) on Na, Cl, Ca and Mg 
contents in shoot and root tissues at age 165 days from treatment (Table 
4.20). The Na and Cl contents showed gradual increase in shoot and root 
tissues with increase in salinity level. The effect on Ca content was 
significant among the levels, where 0.4 dSm
-1 
had the lowest values in 
shoot tissues while 15.0 dSm
-1
 had the highest values in root tissues (4. 20). 
Mg content increased with the increase of salinity levels until 5.0 dSm
-1 
in 
shoot tissues, while it decreased only from 2.0 dSm
-1 
in root tissues (Table 
4. 20). The concentrations of Na and Cl were, in general, greater of root 
than that in shoot tissues under control and salt stress conditions (Table 
4.21). Also the content Cl was, in general, higher than that of Ca, Mg and 
Na. 
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Table 4.20. Effect of salinity level of irrigation water on mineral content of 
A. lebbeck seedlings at 165 days from treatment 
Salinity  levels 
(EC) dSm-1 
Na% Cl % Ca % Mg% 
shoot Root Shoot Root Shoot root shoot root 
0.4 0.013 c 0.015 d 0.43 d 0.60 d 0.53b 0.20 b 0.12 c 0.25 a 
2.0 0.020 c 0.024cd 1.30 c 1.56 c 0.73a 0.20 b 0.27 b 0.27 a 
5.0 0.035 b 0.037 c 1.43 c 1.80 c 0.76a 0.20 b 0.47 a 0.12 b 
10.0 0.055 b 0.106 b 2.16 b 2.83 b 0.86a 0.20 b 0.50 a 0.12 b 
15.0 0.077 a 0.212 a 3.13 a 3.53 a 0.83a 0.26 a 0.54 a 0.14 b 
P 0.0001 0.0001 0.0001 0.0001 0.002 0.034 0.0001 0.0006 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
4.3.3.4. C. equisetifolia  
The effect of salinity level was highly significant (P < 0.001) on Na, Cl, Ca 
and Mg contents in shoot and root tissues after 165 days from treatment 
(Table 4. 21). The Na and Cl contents showed gradual increase in shoot 
and root tissues with increase in salinity level. The Ca and Mg contents 
showed significant increase with the increase of salinity level, the increase 
after 2.0 dSm
-1
 and 5.0 dSm
-1
 in the shoot and root tissues, respectively. 
The concentrations of Na and Cl were, in general, greater of root than that 
in shoot tissues under control and salt stress conditions (Table 4.21). Also 
the content Cl was, in general, higher than that of Ca, Mg and Na. 
Table 4.21. Effect of salinity level of irrigation water on mineral content of 
C. equisetifolia seedlings at 165 days from treatment 
Salinity  levels 
(EC) dSm-1 
Na% Cl % Ca % Mg% 
shoot Root shoot root shoot root shoot root 
 0.4 0.026 c 0.034d 0.57 c 0.70 d 0.08 c 0.13 b 0.08 c 0.13 b 
 2.0 0.042 c 0.126c 1.76 b 2.10 c 0.13 c 0.17 b 0.13 c 0.17 b 
 5.0 0.073 b 0.146c 1.90 b 2.47 b 0.24 b 0.22 b 0.24 b 0.20 b 
10.0 0.091 b 0.183b 2.30 a 2.90 a 0.27 b 0.32 a 0.27 b 0.32 a 
15.0 0.127a 0.224a 2.33 a 2.96 a 0.46 a 0.38 a 0.46 a 0.38 a 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0004 0.0001 0.0004 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
72 
4.3.3.5 E. camaldulensis  
The effect of salinity level was significant (P < 0.05) on Na, Cl, Ca and Mg 
contents of shoot and root tissues after 165 days from treatment (Table 4. 
22). The Na, Cl, Ca and Mg contents showed gradual increase in shoots 
and roots tissues with increase in salinity level. The difference was 
significant among the levels, where 0.4 dSm
-1 
had the lowest Na and Cl 
values while 15.0 dSm
-1 
had the highest values of shoot and root tissues. 
No significant differences were observed for Ca and Mg contents among 
the salinity levels from 5.0 to 15.0 dSm
-1 
of shoot tissues. Also, no 
significant differences were observed on Ca content between the salinity 
levels from 2.0
 
to 15.0 dSm
-1
 in root tissues as shown in Table 4.22. 
The concentrations of Na and Cl was, in general, greater of root than that in 
shoot tissues under control and salt stress conditions (Table 4.22). Also the 
content Cl was, in general, higher than that of Ca, Mg and Na. 
Table 4.22. Effect of salinity level of irrigation water on mineral content of 
E. camaldulensis seedling after 165 days from treatment  
Salinity  levels 
(EC) dSm-1 
Na% Cl % Ca % Mg% 
shoot Root shoot Root shoot Root shoot Root 
 0.4 0.024 c 0.056 d 0.26 e 0.70 e 0.50 c 0.16b 0.10 c 0.08 d 
 2.0 0.038bc 0.104 c 0.67 d 1.40 d 0.76 c 0.90a 0.16bc 0.17 c 
 5.0 0.039bc 0.117bc 1.46 c 2.50 c 1.03ab 0.93a 0.27ab 0.26 b 
10.0 0.055b 0.122b  2.50 b 3.43 b 1.10a 0.96a 0.41a 0.36a 
15.0 0.084a 0.208a 2.96 a 3.80 a 1.20a 1.00a 0.41a 0.40a 
P 0.0069 0.0001 0.0001 0.0001 0.002 0.007 0.0042 0.0001 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
4.3.4 Chemical analysis of soil 
The effect of salinity level was highly significant (P <0.001) on Na, Cl, 
Ca+Mg, K, pH, SAR and ECe values of soil at the end treatment (Table 4. 
23) The values of Na, Ca+Mg, Cl, K, SAR and ECe
 
showed significant 
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increase with the increase of salinity level of the irrigation water. However, 
the pH showed significant decrease with the increase in salinity level 
(Table 4.23).  
Table 4.23. Effect of salinity level of irrigation water on accumulation of 
mineral and soil preparation of the soil media at age 165 days from 
treatment  
Salinity  levels 
(EC) dSm-1 
Mineral content of soil at harvest fourth 
Na 
Meq\l 
Cl- 
meq\l 
Ca+Mg 
meq/l 
K 
meq\l 
pH SAR 
ECe 
dSm-1 
  0.4 2 d 0.40d 3.4 e 0.12 d 7.7a 1.0 d 0.54 d 
  2.0 21cd 0.84c 14.8 d 0.14 c 7.4 b 7.7 c 3.76 c 
  5.0 34 bc 2.00b 27.7 c 0.15 b 7.3 bc 9.9 bc 6.70 bc 
10.0 59 b 3.48a 37.2 b 0.15 b 7.3 bc 13.7 b 9.60 b 
15.0 107 a 4.80a 44.0 a 0.16 a 7.2  c 24.3a 14.70 a 
P 0.0001 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
4.4 Discussion 
This study investigated the effect of five salinity levels of the irrigation 
water (0.4, 2, 5, 10 and 15 dSm
-1
) on biomass and mineral content in 
seedlings of five forest tree species. The results showed significant 
differences in most of the parameters investigated. The growth parameters 
of the five species decreased significantly with the increase in salinity 
concentration in irrigation water, except root/shoot dry weight ratio for 
most of the studied species. These results were in agreement with Rawat 
and Banerjee (1998) working with E. camaldulensis and Dalbergia sissoo, 
and Ramoliya and Pandey (2002) with A. nilotica, and Pankaj et al. (2006) 
with A. nilotica and Dalbergia sissoo, and Hardikar and Pandey (2008) 
with A. senegal, Khan et al. (2009) with A. nilotica and E. camaldulensis, 
Aref et al. (2008) with E. camadulensis E. intertexta and E. microtheca, 
and Muhammad (2008) with Cleopatra mandarin and Troyer citrange 
Citrus trees. 
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Reduction in seedlings growth was recorded in response to increasing salt 
stress. In general, salinity can reduce the plant growth or damage the plants 
through: (i) osmotic effects (causing water deficit), (ii) toxic effects of ions 
and (iii) imbalance of the uptake of essential nutrients (Garg and Gupta 
1997 and Minhas et al. 1997).  
These modes of action may operate on the cellular as well as on higher 
organizational levels and influence all aspects of plant metabolism (Kramer 
1983; Garg and Gupta 1997). Osmotic stress and ion toxicity are the 
problems stemming from salt stress, and the resulting decrease in chemical 
activity causes cells to lose turgor and implies danger of cell survival 
(Serrano et al. 1999). 
The reduction of shoot growth of five species with increasing salt 
concentration observed in the study is in conformity with the finding of 
Hardikar and Pandey (2008) working with A. senegal, and Ramoliya and 
Pandey (2006) with A. lebbeck, and Ramoliya and Pandey (2002) with A. 
nilotica, and also Curtis and Lauchli (1986) with Kenaf (Hibiscus 
cannabinus), who reported that shoot growth under moderate salt stress 
was affected primarily through a reduction in elongation of stem and leaf 
area development.  
The decrease in the shoot and root length of the five species with the 
increase in salinity level in irrigation water was in agreement with the 
results of Sun and Dickinson (1995); Catalan et al. (1994); Ramoliya and 
Pandey (2003); Immanuel and Ganapathy (2007); Paramasivam et al. 
(2007); Mehari et al. (2005) and Khan et al. (2009). Also, the results are in 
conformity with the root length findings of Ramoliya and Pandey (2002) 
and Game et al. (2007). Salinity can inhibit root growth by altering the 
external water potential, increasing ion toxicity, or causing an ion 
imbalance (Jaleel et al. 2007b).  
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The decrease in shoot and root diameter of the five species with increasing 
salinity level is similar with other findings (Miyamoto et al. 2004; Mehari 
et al. 2005 and Aref et al. 2008). However, Catchpoole et al. (2000) and 
El-Juhany and Aref (2005) reported no significant salt effect on E. globulus 
spp. Globulus and Conocarpus erectus seedlings, respectively. 
4.4.1 Dry weight of total, shoot and root  
The reductions in shoot, root and total dry weights of the seedling of the 
five species with increasing salinity level of the irrigation water are in 
consistence with other results on the effect of salinity on dry matter 
production (Rawat and Banerjee 1998; Costa et al. 2003; Lacerda et al. 
2003a; Gebauer et al. 2004; Azevedo-Neto et al. 2004; El-Juhany and Aref 
2005; Muhammad et al. 2007; Immanuel and Ganapathy 2007 and 
Hardikar and Pandey 2008). 
Absolute dry matter could be used as a selection criterion for salinity 
tolerance of plants (Aslam et al. 1993). According to the methodology 
proposed by FAO (Anonymous 1992), the salinity level, which caused 50 
percent (DW 50) reduction in biomass as compared to biomass content of 
control plant at a growth stage, has been considered as critical limit of 
growth. Percentage relative weights of tissues of salinized plants compared 
to those of control plants were computed as salinized tissue dry 
weight/control dry weight X 100 (Ramoliya and Pandey 2003). 
Compared to 0.4 dSm
-1
 the reduction of less 50% for A. nilotica total plant, 
shoot and root dry matter weight at age 165 from start of the treatments 
was observed at the salinity level higher than 10 dSm
-1
, while the similar 
reduction for A. senegal, E. camaldulensis and A. lebbeck (except shoot dry 
for A. lebbeck right after 0.4 dSm
-1
) was observed after only 5 dSm
-1
. 
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However, C. equisetifolia reduction was observed right after 2.0 dSm
-1
. 
This result of A. nilotica is similar to that of Pankaj et al. (2006). 
The values of the shoot parameters were higher than the respective root 
values for the A. nilotica, A. senegal, C. equisetifolia and E. camaldulensis 
species. However, for A. lebbeck for salinity level higher than 0.4 dSm
-1
 
the root values increased higher than the shoot values (Table 4.8 and 4.9). 
This indicates more photosynthate allocation to root system with the 
increase in salinity level as reported by Garg and Gupta (1997); Ramoliya 
and Pandey (2006). They explained that salinity reduces shoot growth 
more than the reduction in root. It is a well known that salinity affects 
growth of plants adversely due to disturbance in physiological and 
metabolic processes occurring in plant body (Afzal et al. 2006; Marcar et 
al. 2000 and Neves and Bernsetin 2005).  
Most of the variables measured, showed logical increase in seedling 
growth parameters from harvest to the following one, as the plants were in 
their early stage of growth. The seedling stage is considered the most vital 
developmental stage compared to fully grown individuals (Hunt 1990). The 
detrimental effects of salinity on plants may vary with developmental stage 
(Adam 1990). However, A. senegal length of shoot and root, and total dry 
weight, didn't change after harvest 2 at 10 - 15 dSm
-1 
levels. This was 
similar to the results of Hardikar and Pandey (2008) who reported that 
increasing salt stress significantly retarded stem and root elongation and 
dry weight of A. senegal.  
4.4.2 Root shoot dry weight ratio  
The root/shoot dry weight ratio showed that there were no significant 
differences of five species seedlings with increase salinity level except for 
A. lebbeck. This result was contrary to those reported by Pankaj et al. 
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(2006) for A. nilotica and Khan et al. (2009) for A. nilotica, E. 
camaldulensis, Azadirachta indica seedlings. The increased root/ shoot dry 
weight ratio of A. lebbeck with increase salinity levels appear to be an 
adaptive strategy to increase the ratio of water absorbing to water 
transpiring organs (Bernstein 1975).  
Root/shoot dry weight ratio of the species studied remained constant 
because of concurrent and differential reduction of dry weight of stem, root 
tissues. Constant root/shoot dry weight ratio, reduction of dry weight of old 
roots and tendency to produce a large quantity of young roots in response 
to increasing salinity under treatments suggest that A. nilotica has a 
mechanism of old root turnover to delay onset of salt stress by indirectly 
eliminating excess ions through the death of ion saturated old roots. Tozlu 
et al. (2000) obtained death of fine roots of Poncirus trifoliata in response 
to increasing concentration of NaCl and designated this mechanism as 
«fine root turnover». Moreover, since young roots and stem tissues are salt-
resistant, the plants of A. nilotica could sequester the salts, that they absorb, 
in the roots and stems, thus minimizing the exposure of leaf cells and, 
hence, the photosynthetic apparatus, to salt. This is a vital aspect of salt 
tolerance in the «Integration in the whole plant» for glycophytes (Garg and 
Gupta 1997).  
4.4.3 Survival  
The results in Tables (4.16 and 4.17) indicated that survival varied among 
the tested five species, where C. equisetifolia showed 95 % survival even at 
the 15 dSm
-1
 of salinity. It was followed by A. lebbeck, E. camaldulensis, 
A. nilotica and finally A. senegal. These results indicated the tolerance of 
these species to salinity even at the 15 dSm
-1
. The obtained results are in 
line with those reported by Kumar and Barta (1993), Singh et al. (1994), 
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Patil et al. (1996) where Casuarina equisetifolia has higher survival rate 
and Pankaj et al. (2006) who reported that A. nilotica tolerated salinity up 
to EC 7.5 dSm
-1
. The ECe and SAR of the soil ranged from 0.54 to 14.7 
dSm
-1 
and 1.0 to 107 Meq/l respectively. The survival percentage for C. 
equisetifolia, A. lebbeck, E. camaldulensis, A. nilotica and A. senegal was 
95, 80, 60, 50, and 25 respectively. These results were similar with Yaseen 
and Soomro (1993) who reported that survival percentage for C. 
equisetfolia, E. camaldulensis and A. nilotica was 82.2, 52.2 and 40.4 % 
where ECe and SAR the soil ranged from 1.5 to 27.5 dSm
-1
 and 14.0 to 
66.7 (mmol L
-1
)
1/2
 respectively. Often, growth and survival following 
emergence are not affected by low and moderate salinity levels (Baldwin 
and Mendelssohn 1998). However, high substrate salinity may be more 
detrimental to plants in their early growth stages (Ungar 1996). 
Higher salt concentrations are often responsible for leaf injuries in salt 
stressed plants. The scorching of leaves and mortality of seedlings was due 
to specific ionic effect. The ions, which are absorbed by plants, are 
accumulated in leaf tissues and other plant parts that damaged the plants 
and become a cause of death (Niknam and Comp 2000). Species like 
Casuarina gluaca, C. equisetifolia and C. obesa have been reported to 
survive 550 mmol NaCl salinity (El-Lakany and Luard 1982).
 
In addition, 
visible senescence and necrosis symptoms were found on the basal, oldest 
leaves of young A. nilotica A. senegal, E. camaldulensis and A. lebbeck 
seedlings after 75 days from start treatment of 10 and 15 dSm
-1
 salinity 
levels. These symptoms could be a result of excess Na
+
 and Cl
-
 ions, which 
are known to induce chlorosis in A. nilotica subspecies (Nabil and Coudert 
1995). If excessive amounts of salt enter the plant they will eventually rise 
to toxic levels in the older transpiring leaves, causing premature 
senescence (Munns 2002).  
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4.4.4 Mineral content  
Saline irrigation is detrimental to plants growth due to its high osmotic 
effects resulting from increased salt accumulation in soils. Soil salinity 
increases significantly with increasing water salinity. The results of the 
current study of the soil chemical preparation were consistent with Doneen 
(1970) Peterson et al. (1970) and Abrol et al. (1988) who stated that 
irrigation with saline water tended to raise the ECe due to the accumulation 
of salts in the soil solution followed by evaporation after irrigation. 
Information on ion accumulation differences among different species and 
the patterns of accumulation of ions in various parts of a plant is very 
important in evaluation of salinity tolerance and to understanding salinity 
tolerance mechanisms employed by the plant. 
The ionic concentrations of Na
+
, Cl
-
, Mg
2+
 and Ca
2+
 in response to salinity 
after 165 days of treatment were presented in Table (4.18, 4.19, 4.20, 4.21 
and 4.22). Increase in salinity levels of the irrigation water significantly 
increased ion Na and Cl concentrations in shoot and root tissues of the five 
studied species. The results are in agreement with Carlos et al. (2008); 
Hardikar and Pandey (2008); Muhammad et al. (2007); Sherbeeni (2001); 
Epron and Toussant (1999) and Myers et al. (1998). Also, these results are 
in conformity with the shoot tissues findings of Gebauer et al. (2004); 
Rodríguez et al. (2005) and Perica and Goreta, (2008). The stress caused 
by excessive ion concentrations (Na
+ 
and Cl
-
) allows the water potential to 
decrease, making it more difficult for water and nutrients to move through 
the root membrane. As older cells lose their capacity to grow, the new 
growth cannot handle the burden of collecting all the salt ions. This leads 
to premature death in the cells of leaves, and the plant will quickly 
succumb to the decreasing ability to compartmentalize the salt (Volkmar et 
al. 1998). A. nilotica had minimum Na contents, where A. senegal had 
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maximum Na contents. However, the species were showing higher Na 
content than the possible limits (0.05 - 0.07%) as reported by Marcar 
(1995). The lower values of Na in A. nilotica were also observed in 
previous studies (Shirazi 2001). Similarly were the observations of Grewal 
and Abrol (1986). That A. nilotica accumulate low Na and had the lowest 
Na/Ca.  
The increased Na and Cl contents of root tissues more than shoot tissues of 
five species studied is in agreement with Hassan and Abou El-Azayem 
(1990). The preferential accumulation of Na
+
 and Cl
–
 in roots than shoot 
suggests the existence of a mechanism of ion retention in roots. This 
prevents the transport of toxic ions to the shoot without affecting root 
growth and contributes for its osmotic adjustment. This constitutes a 
mechanism of salt tolerance (Munns 2002) allowing the plants to grow for 
extended periods, at least under low to moderate salinities. Despite these 
considerations, the relatively small salt accumulation in the shoot was 
sufficient to inhibit its growth.  Moreover, the significant increase of Na in 
leaves and stem tissues of A. senegal suggests that the mechanism to block 
Na
+
 transfer to growing tissues was not effective at high salt concentration. 
As a consequence there were no effective mechanisms to control net 
uptake of Na
+
 on root plasma membrane and subsequently its transport to 
shoot tissue.  
The increase in Ca with increasing salinity level, except shoot tissues of A. 
nilotica was in agreement with Mohamed (1997) and Galila et al. (1991), 
and contradictory with Sherbeeni (2001) and Hardikar and Pandey (2008). 
The Ca and Mg uptake and transport to the leaves were not significantly 
increased with increasing salinity of A. nilotica. This may be due to higher 
Na
+ 
ions in soils or slight increase solutions Ca
2+ 
and K
+ 
uptake by plants 
and or affects the internal distribution of these elements (Marcar et al. 
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2002). Ca is important during salt stress, e.g., in preserving membrane 
integrity (Rengel 1992), and signaling in osmoregulation (Mansfield et al. 
1990). Mg in plants has important role in the export of photosynthates 
(Marschner and Cakmak 1989). In the present study the increase of Mg in 
tissues may be of importance for plant growth and survival in saline soils. 
In lesser salt concentrations, seedlings did not show any salinity symptoms. 
Depending on the concentration ratio, Na and Ca can replace each other 
from the plasma membrane, and Ca might reduce salt toxicity (Rauish et 
al. 1996).   
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CHAPTER FIVE (PAPER THREE) 
Effect of Water Stress on Seedling Growth of Five Tree Forest Species 
5.1 Introduction     
Water is essential for plant growth and survival. Plant growth and 
development is usually limited by available water. Many deserts and 
grasslands could support luxuriant plant growth if only an adequate supply 
of water was available (Kozlowski 1968). The ecological and physiological 
effects of water indicate the importance of plant water relations. Plants 
distribution on the earth's surface is controlled by availability of water 
whenever temperature permits growth (Zahner 1968). 
Active growth of plants requires adequate supply of water to living cells. 
Water is normally lost from the plant body through transpiration that builds 
up gradients of water potential between the plant and soil water. These 
gradients constitute the driving force for water flow within the plant and 
from the soil through the plant to air. This loss of water from plant parts 
leads to water deficit or water stress. The ability of plants to function under 
conditions of limited soil moisture content depends on their capacity to 
adjust form and function to offset the damaging impact of negative water 
potentials in the soil and atmosphere. This capacity for adjustment, or 
acclimation, is presumed to be a complex genetic trait involving a range of 
physiological mechanisms. Investigation of these mechanisms of stress 
may elucidate the behavior and productivity of plants adapted to dry 
habitats as well as the capacities of other species to grow in drought-prone 
environments.  
In arid areas, water deficit is a ubiquitous problem for most species. How 
plants are affected by water shortage and what mechanisms enable them 
83 
nevertheless to survive or even thrive are problems of prime significance in 
plant physiology and with immediate practical implications. The effects of 
water deficits have been investigated over the past decades at different 
levels of plant organization and functioning, covering areas ranging from 
ecophysiology to cellular metabolism (Bradford and Hsiao 1982; Schulze 
1986 and Turner 1986). The topics of major concern have been the control 
of plant water status (Schulze and Hall 1982; Mansfield and Davies 1985), 
the effects of drought on photosynthesis (Boyer 1976 and Kaiser 1987a) as 
well as on growth and yield, and the adaptation of plants to water stress 
(Turner and Kramer 1980). Drought stress has profound effects on plant 
physiology in general, and thus on productivity and growth. Physiological 
processes, such as photosynthesis and transpiration depend on the rapidity, 
severity and duration of the drought event (Vadell and Medrano 1992). 
Drought stress can cause temporary change in root/shoot ratio that may 
have important effects on seedling quality and survival (Cannel et al. 
1978). This can be seen as an important adaptive response to water stress 
by reduction of transpiration demand relative to water absorption (Pallardy 
1981).  
Effects of water stress on tree growth and survival have been extensively 
studied (Kozlowski 1982). The natural distribution of Eucalyptus species 
may be strongly influenced by the resistance of seedlings to drought 
(Kamis 1977). Responses of Eucalyptus spp seedlings to water stress 
include changes in root/shoot dry weight ratio, growth rates of foliage and 
stems, water use efficiency, hydraulic conductivity of roots, tissue osmotic 
potential, diurnal patterns of stomata conductance, relative water content at 
stomata closure, leaf water potential at the wilting point, and changes in 
transpiration rate or turgor as water stress increases (Clemens and Jones 
1978; Bachelard 1986 and Myers and Neales 1986).  
84 
Increase in areas prone to drought and water scarcity in the world has 
changed in many environments of the plant, including forest trees. This 
may have kept many of the species in their environments. Many of these 
species have adapted to drought conditions and lack of water through the 
development of several mechanisms (morphological and physiological), 
and therefore it was necessary to know and discuss the mechanisms and 
different ways to resist these conditions for development and use in 
reforestation plans and selection of tolerant species.   
5.1.1 Research problem  
Terrestrial plants growing in a natural environment are rarely free from 
water stress for a period of more than a few days. Even in the humid 
tropics, the plant may undergo brief stress due to dynamic changes in the 
energy environment. Dry areas are considered to be a problem for forest 
species. Water stress has great effect on plant physiology and physiological 
operations and then on growth. Most physiological operations in plants are 
affected with degree of dryness or water loss especially in seedling stage 
(Johnson 1980). kramer (1983) and Myers and Landsburg (1989) pointed 
that general growth of forest trees species decrease in dry areas that is 
exposed to prolonged water stress and was more harmful on dry matter 
production on eucalypts seedlings from hard dry short period. Results of an 
experiment on 15 species of Acacia showed that there is effect on seedling 
length and diameter (Srinivasan et al. 1989 and Omari 1994). Other studies 
showed reduction in growth parameters due to water stress treatments on 
eight Acacia (Aref and El-Juhany 2001), of sycamore (Khalil and grace 
1992), of poplar (Ibrahim 1995) and three Acacia species (Aref and El-
Juhany 1999). (Osonubi et al. 1992) found that A. nilotica seedling give 
big roots in case of water stress.  
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From previous studies on a number of forest tree species, it is evident that 
there are variations in sensitivity and resistance to water stress between 
species.  
It is clear that there are mechanisms present in the dryland plants that 
enable them to survive despite the presence of water shortage. The 
mechanisms may include increase in root growth to increase absorption of 
water, reduction of the shoot growth to preserve water in the cells and to 
reduce the loss rate by controlling the opening and closing the stomata.    
5.1.2 Research objective  
The main objective was to study the effect of water stress on seedling 
growth of A. nilotica, A.senegal, A. lebbeck, C. equisetifolia and E. 
camaldulensis. 
The specific objectives were to the study effect of water stress treatments 
(five irrigation intervals) on survival and seedling growth parameters (total, 
shoot, root dry weight and the length and diameter of root and shoot of the 
five species).  
5.2 Materials and Method  
5.2.1 Seed sources and treatment 
This study examined the effect of irrigation interval on survival and 
seedling growth of A. nilotica, A. senegal, A. lebbeck, E. camaldulensis and 
C. equisetifolia. Seeds of A. nilotica, A. senegal and E. camaldulensis were 
obtained from the National Seeds Center. Seeds of A. lebbeck were 
collected from Shambat aria, while C. equisetifolia seeds were obtained 
from the Alhnade nursery Latekki in Syria.  
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Before sowing, damaged and insect infected seeds were discarded. Healthy 
seeds from each species were chosen. Seeds of A. nilotica and A. senegal 
were treated with (H2SO4) for one hour and ten minutes, respectively. The 
seeds of A. lebbeck were treated with tab water for 24 hours and no 
pretreatment was applied to C. equisetifolia and E. camaldulensis seeds.    
5.2.2 Experimental details    
This study was carried out in the nursery of the Faculty of Forestry,   
University of Khartoum with half shade from May 7 to December 3, 2007. 
A total of 600 polythene bags (10 x 25 cm when flat) were filled with a 
mixture of silt and sand (1:1) and distributed randomly into five nursery 
beds (120 bags per bed).  Each bed was further divided into three plots 
with 40 bags per plot and each plot had 5 rows of bags (8 bags per row). 
The five species were assigned randomly to each row in each plot and 
seeds were sown in each bag (how many seeds). Irrigation was then 
applied using tap water every three days for the first 45 days. After 
germination, seedlings were thinned and replanted to insure one seedling 
per polythene bag.  
After the first 45 days, five treatments of irrigation intervals were then 
assigned randomly and applied to bags in the plots with three replications 
per treatment. The treatments consist of irrigation every 3 days, every 6 
days, every 9 days, every 12 days and every 15 days. The irrigation 
treatments were applied until the end of the experiment 3/ 12/ 2007.  
5.2.2.1 Harvests  
Seedlings were harvested after 80, 120, 165 and 210 days from the day of 
seed sowing, i.e after 35, 75, 120 and 165 from start of the treatments. Six 
seedlings were assigned randomly per species and treatment and 
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replication. Polythene bags were cut longitudinally; roots were washed 
gently under tab war. Roots were separated from stems, length of stems 
and roots were measured using ruler, and a vernier was used for diameter 
of the stems and roots measurements. Dry weights for roots and shoots 
were determined by a sensitive balance, using oven for 48 hours at 65Cº. 
Also root / shoot dry weight ratio was calculated and survival percentage. 
5.2.3 Statistical analyses 
All the data obtained were subjected to analysis of variance using SAS 
program. The Duncan Multiple Range Test was used to separate the means. 
5.3 Results 
5.3.1 Morphological parameters 
5.3.1.1 Acacia nilotica 
The effect of irrigation interval on total, shoot and root dry weights was 
significant (P < 0.05) and on root/shoot dry weight ratio was not significant 
(P > 0.05) in the four harvests (Tables 5.1 and 5.2). The effect on total and 
shoot dry weights developed with time where differences were only 
significant among 3, 6 and 9 days irrigation intervals in harvest 4. The total 
and shoot dry weights decreased gradually with the increase in irrigation 
intervals in harvest 4 (Tables 5.1and 5.2). The root dry weight differences 
were not significant among 3, 6, 9 and 12 days intervals in harvest 1 and 
differences started to show in harvest 2 and clearly in harvests 3 and 4 
(Table 5.2). The shortest interval (3 days) had higher values of root dry 
weight compared to other intervals from 9 to 15 days in harvest 3 and 4 
(Table 5.2).  
The effect of irrigation interval was significant (P < 0.05) on shoot and root 
lengths in the four harvests (Table 5.3). The differences were not 
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significant among 3, 6, 9 and 12 days of shoot length and among 3, 6 and 9 
days irrigation intervals of root length in the four harvests as shown in 
Table 5.3. 
The effect of irrigation interval was significant (P < 0.05) on shoot and root 
diameter in the four harvests (Figures 5.1 and 5.2). The effect was 
pronounced with time where the differences were not significant among 3, 
6, 9 and 12 days in harvests 1 and 2. Differences started to show in 
harvests 3 and 4 where there was gradual decrease in values from the 
lowest to higher intervals (Figures 5.1 and 5.2). 
Table 5.1. Effect of irrigation interval on total dry weight and ratio of 
root/shoot dry weight of A. nilotica seedlings in four subsequent harvests 
(H.1 to H.4) 
Irrigation 
interval (days) 
Total dry weight (g) Root /shoot ratio 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 2.7a 5.3a 6.9a 7.8a 0.12 0.11 0.12 0.13 
 6  2.6a 4.1ab 5.1ab 6.0ab 0.12 0.11 0.13 0.12 
 9  2.3ab 3.6ab 4.5ab 4.7 b 0.12 0.12 0.11 0.11 
12  2.0 b 3.1 b 3.5 b 3.6 bc 0.13 0.11 0.12 0.13 
15  1.5 b 2.5 b 2.6 b 2.6  c 0.12 0.11 0.12 0.13 
P 0.0005 0.025 0.042 0.001 0.56 0.84 0.37 0.74 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
 Table 5.2. Effect of irrigation interval on shoot dry and root dry weights of 
A. nilotica seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
interval (days) 
shoot dry weight (g) Root dry weight  (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 2.4a 4.8a  6.1a 6.9a 0.29a 0.51a 0.75a 0.90a 
 6  2.3a 3.7ab 4.5ab 5.4ab 0.28a 0.40ab 0.60ab 0.62ab 
 9  2.0ab 3.2ab 4.1ab 4.2 b 0.25a 0.40ab 0.43 b 0.47 b 
12  1.8 b 2.8 b 3.1 b 3.2 bc 0.22a 0.30 b 0.38 b 0.42 b 
15   1.3 b 2.2 b 2.3 b 2.3  c 0.15b 0.25 b 0.29 b 0.31 b 
P  0.01 0.026 0.044 0.001 0.01 0.04 0.004 0.02 
 Harvests 1, 2, 3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing. 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
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Table 5.3. Effect of irrigation interval on shoot and root lengths of A. 
nilotica seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation  
interval (days) 
Shoot length (cm) Root length  (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 64a 77a 82a 88a 39a 42a 44a 48a 
6 60a 75a 80a 84a 38a 40a 43a 45ab 
9 56a 70a 78a 82a 36ab 39ab 41ab 43ab 
12  53ab  65ab 74ab  77ab 34 b 36 b 38 b 41 b 
15  46 b  61 b 70 b 73 b 32 b 35 b 37 b 39 b 
P 0.001 0.002 0.04 0.02 0.004 0.03 0.04 0.03 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Figure 5.1. Effect of irrigation interval on shoot diameter of A. nilotica in 
four subsequent harvests (H.1 to H.4) 
Figure 5.2. Effect of irrigation interval on root diameter of A. nilotica in 
four subsequent harvests (H.1 to H.4) 
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5.3.1.2 Acacia senegal  
The effect of irrigation interval on total, shoot and root dry weights was 
significant (P < 0.05) and was not significant (P > 0.05) on shoot/ root dry 
weight ratio in the four harvests (Tables 5.4 and 5.5). The differences in 
total and shoot dry weights were not significant among 3, 6 and 9 days
 
irrigation intervals
 
in the four harvests (Tables 5.4 and 5.5). For root dry 
weight the effect was pronounced with time where was no differences 
among 3, 6 and 9 days
 
in harvests 1 and 2, and differences were clear in 
harvest 3 and 4 (Table 5.5). No significant differences were observed on 
total, shoot and root dry weights among the irrigation intervals from 9 to 15 
days in the four harvests (Tables 5.4 and 5.5).  
The effect of irrigation interval was not significant on shoot and root 
lengths at the four harvests (Table 5.6). However, it was significant (P < 
0.05) on shoot diameter in the four harvests and after harvest 2 for root 
diameter (Figures 5.3 and 5.4). The effect was pronounced with time where 
the shoot diameter differences were not significant among irrigation 
intervals from 3 to 9 days
 
at harvests 1 and 2 and differences started to 
show in harvest 3 and clear distinctions among the intervals were observed 
in harvest 4 (Figure 5.3). The differences in root diameter were not 
significant among 3, 6 and 9 days
 
in harvests 3 (Figure 5.4). However, the 
root and shoot diameter values decreased gradually with the increase in 
irrigation intervals in harvest 4, where three groups was clearly distinct 
(Figures 5.3 and 5.4). 
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Table 5.4. Effect of irrigation interval on total dry weight and ratio of 
root/shoot dry weight of A. senegal seedlings in four subsequent harvests 
(H.1 to H.4) 
Irrigation 
interval (days) 
Total dry weight (g) Root shoot ratio 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 2.3a 3.8a 4.5a 5.2a 0.30 0.41 0.61 0.67 
 6  2.6a 3.8a 4.2a 4.8a 0.33 0.45 0.48 0.64 
 9 2.2ab 3.2ab 3.5ab 4.0ab 0.25 0.47 0.58 0.66 
12 1.7 b 2.6 b 3.1 b 3.3 b 0.31 0.41 0.53 0.66 
15  1.7 b 2.4 b 2.8 b 3.0 b 0.29 0.41 0.61 0.70 
P 0.013 0.007 0.009 0.01 0.64 0.83 0.78 0.95 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Table 5.5. Effect of irrigation interval on shoot and root dry weights of A. 
senegal seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
interval (days) 
Shoot  dry weight (g) Root dry weight (%) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 1.8a 2.7a 2.9a 3.1a 0.52a 1.2a 1.6a 2.1a 
 6  2.0a 2.6a 2.7a 2.9a 0.58a 1.2a 1.5a 1.9a 
 9 1.7ab 2.2ab 2.3ab 2.4ab 0.47ab 1.0ab 1.3 b 1.6 b 
12 1.3 b 1.9 b 2.0 b 2.0 b 0.39 b 0.7 b 1.1 b 1.3 b 
15  1.3 b 1.7 b 1.8 b 1.8  b 0.38 b 0.7 b 1.0 b 1.2 b 
P 0.023 0.015 0.05 0.05 0.024 0.028 0.002 0.02 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Table 5.6. Effects of irrigation interval on shoot and root lengths of A. 
senegal seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
interval (days) 
Shoot  length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 42 48 50 54 30 38 42 45 
6 43 47 50 51 30 33 36 38 
9 43 47 49 51 32 31 35 37 
12 39 47 48 49 29 30 34 35 
15 39 46 48 49 31 33 35 37 
P  0.69 0.43 0.24 0.27 0.9 0.16 0.31 0.32 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
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Figure 5.3. Effect of irrigation interval on shoot diameter of A. senegal 
seedling in four subsequent harvests (H.1 to H.4) 
Figure 5.4. Effect of irrigation interval on root diameter of A. senegal 
seedling in four subsequent harvests (H.1 to H.4) 
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(Table 5.9). No significant differences were observed on shoot length 
among the irrigation intervals from 3 to 12 days in harvest 4 (Table 5.9). 
The effect of irrigation interval was highly significant (P < 0.001) on shoot 
and root diameters after the harvest 1 (Figures 5.5 and 5.6). The effect on 
shoot diameter developed with time where differences were not significant 
among 3, 6 and 9 days intervals in harvest 2 and differences were clear in 
harvests 3 and 4 there were two groups (Figure 5.5). The effect on root 
diameter developed with time where in harvest 4 a clear distinction among 
the intervals with three groups was observed (Figure 5.6). 
Table  5.7. Effect of irrigation interval on total dry weight and ratio of root/ 
shoot dry weight of A. lebbeck seedlings in four subsequent harvests (H.1 
to H.4) 
Irrigation 
 interval (days) 
Total dry weight (g) Root shoot ratio 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 2.9 11.8a 17.5a 25.2a 0.33 0.43 0.71 0.98a 
 6 2.8 11.0a 13.5ab 15.6 b 0.31 0.50 0.70 0.80 b 
 9 2.7    7.9ab   9.3 bc 11.0 bc 0.34 0.51 0.64 0.81 b 
12 2.3   6.2 b 6.5 c   7.1  c 0.30 0.48 0.60 0.67 b 
15 2.2   5.1 b 5.4 c   5.7  c 0.28 0.47 0.66 0.65 b 
P  0.43 0.0001 0.0001 0.0009 0.85 0.89 0.94 0.016 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 5.8. Effect of irrigation interval on shoot and root dry weights of A. 
lebbeck seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
 interval (days) 
Shoot  dry weight (g) Root dry weight (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 2.2 7.8a 9.6a 12.8a 0.70 4.0a 7.9a 12.4a 
 6  2.2 7.4a 7.8ab   8.6 b 0.64 3.6a 5.7ab 7.0 b 
 9 2.1 5.3ab 5.6 bc 6.2bc 0.63 2.6ab 3.7bc 4.8 bc 
12 1.8 3.9 b 4.0 c  4.2  c 0.51 2.3 b 2.5  c 2.9  c 
15  1.7 3.3 b 3.4 c  3.5 c 0.50 1.8 b 2.0  c 2.2 c 
P 0.42 0.001 0.0001 0.003 0.7 0.0008 0.0011 0.0006 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
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Table 5.9. Effect of irrigation interval on shoot and root lengths of A. 
lebbeck seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation  
interval (days) 
Shoot  length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 35 44 48 64a 31 32 41 48 
 6  37 43 48 64a 29 32 40 43 
 9 35 41 46 59ab 28 30 40 43 
12 34 40 45 54ab 29 31 38 39 
15  32 39 43 48 b 28 30 35 36 
P 0.34 0.13 0.56 0.02 0.59 0.92 0.60 0.28 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
 
 
Figure 5.5. Effect of irrigation interval on shoot diameter of A. lebbeck 
seedling in four subsequent harvests (H.1 to H.4) 
Figure 5.6. Effect of irrigation interval on root diameter of A. lebbeck 
seedling in four subsequent harvests (H.1 to H.4) 
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5.3.1.4 Casuarina equisetifolia  
The effect of irrigation interval was significant (P < 0.05) on total, shoot 
and root dry weights after harvest 1 (Tables 5.10 and 5.11). The total dry 
weight decreased with the increase in irrigation intervals in harvest 2 and 
continues in harvest 3 and 4, where three groups were observed (Table 
5.10). No differences were observed on shoot dry weight among 3 to 9 
days irrigation intervals in harvests 2, 3 and 4. The differences were only 
significant between 3 days and 12-15 days (Table 5.11). The root dry 
weight was not different among 3, 6, and 9 days irrigation intervals in 
harvest 2 and 3. Differentiation among the means was evident with time 
and by harvest 4 there were two groups (Table 5.11). The effect of 
irrigation interval was only significant (P < 0.05) on root shoot ratio in 
harvest 4 (Table 5.10). The short irrigation intervals (every 3 and 6 days) 
had the highest values of ratio while the long intervals (every 9, 12 and 15 
days) had the lowest values in harvest 4 (Table 5.10). 
The effect of irrigation interval was significant (P <0.05) on shoot length in 
the four harvests, and on root length only in harvest 4 (Table 5.12). The 
effect was pronounced with time where the shoot length was not different 
among 3, 6, and 9 days irrigation intervals in harvest 1 and 2. The short 
irrigation intervals (3 and 6 days) had the highest values of shoot and root 
length while the long intervals (every 9, 12 and 15 days) had the lowest 
values in harvest 4 (Table 5.12). 
The effect of irrigation interval was significant (P < 0.05) on shoot and root 
diameters in harvests 3 and 4. Where shoot and root diameter were 
measured (Figure 5.7). The short irrigation intervals (every 3 and 6 days) 
had highest values while the highest intervals (every 9, 12 and 15 days) had 
lowest values in harvest 3 and 4 (Figure 5.7).  
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Table 5.10. Effect of irrigation interval on total dry weight and ratio root / 
shoot dry weight of C. equisetfoilta seedlings in four subsequent harvests 
(H.1 to H.4) 
Irrigation 
 Interval (days) 
Total dry weight (g) Root shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 0.025  0.24a 0.75a 2.25a 0.18 0.20 0.24 0.27 a 
 6  0.024 0.20ab 0.65 b 2.10b 0.16 0.17 0.20 0.25 a 
 9 0.023 0.15bc 0.58 b 1.65bc 0.17 0.18 0.16 0.17 b 
12 0.021 0.13bc 0.35bc 1.30 c 0.19 0.14 0.16 0.17 b 
15  0.014 0.08 c 0.27  c 0.97 c 0.15 0.15 0.17 0.21 b 
P  0.15 0.001 0.003 0.0015 0.69 0.047 0.33 0.05 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 
using Duncan Multiple Range test. 
Table (5.11) Effect of irrigation interval on shoot and root dry weights of 
C. equisetifolia seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
 interval (days) 
Shoot  dry weight (g) Root dry weight 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 0.021 0.20a 0.60a  1.78a 0.0038 0.040a 0.15a 0.47 a 
 6  0.021 0.17ab 0.54ab 1.68ab 0.0034 0.030a 0.11a 0.42 a 
 9 0.020 0.13ab 0.50ab 1.40ab 0.0034 0.024ab 0.08ab 0.25 b 
12 0.014 0.11bc 0.30 bc 1.11bc 0.0026 0.015 b 0.05 b 0.19 b 
15  0.012 0.07 c 0.23 c 0.80 c 0.0018 0.011 b 0.04 b 0.17 b 
P  0.18 0.003 0.004 0.004 0.12 0.002 0.03 0.0002 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
Table 5.12. Effect of irrigation interval on shoot and root lengths of C. 
equisetifolia seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
interval (days) 
Shoot  length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
 3 15.9a 32a 42a 52a 6.8 11 18 28a 
 6  15.0a 30a 40a 50a 6.3 11 18 27a 
 9 15.2a   27ab 34 b 44 b 6.0 12 17 21 b 
12 11.6 b   24 b 31 b 43 b 5.8 10 15 21 b 
15  11.2 b  20 b 27 b 41 b 4.8 9 14 20 b 
P  0.01 0.0002 0.001 0.0009 0.1 0.75 0.7 0.007 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the 
treatments which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using 
Duncan Multiple Range test. 
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Figure 5.7. Effect of irrigation interval on shoot and root diameter of C. 
equisetifolia  seedling in three and four subsequent harvests (H.3and H.4) 
5.3.1.5  Eucalyptus camaldulensis  
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intervals started to show at harvests 3 and 4. The short interval (3 days) had 
higher values of shoot and root lengths compared to other intervals from 9 
to 15 days in harvest 4 (Table 5.15). 
The effect of irrigation interval was significant (P < 0.05) on shoot and root 
diameters in the four harvests (Figures 5.8 and 5.9). The differences among 
shoot diameter were similar in the four harvests (Figure 5.8). The short 
irrigation interval (3 days) had the highest values of root diameter while the 
others intervals from 6 to 15 days had lowest values in the harvests 3 and 4 
(Figure 5.9).  
Table 5.13. Effect of irrigation interval on total dry weight and root shoot 
ratio of E. camaldulensis seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
 interval (days) 
Total dry weight (g) Root shoot ratio  
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 0.80a 2.2a 3.4a 4.3a 0.10 0.24 0.17 0.21 
6 0.82a 2.1ab 2.9ab 3.5ab 0.14 0.19 0.15 0.22 
9 0.53 b 1.7 bc 2.0 bc 2.7 bc 0.14 0.16 0.17 0.22 
12  0.26 bc 1.3bc 1.9 bc 2.0  c 0.16 0.19 0.18 0.18 
15 0.21  c 1.1 c 1.4 c 1.6  c 0.11 0.15 0.18 0.20 
P  0.0004 0.016 0.002 0.017 0.13 0.73 0.93 0.82 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Table 5.14. Effect of irrigation interval on shoot and root dry weights of E. 
camaldulensis seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
 interval 
(days) 
Shoot  dry weight (g) Root dry weight  (g) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 0.72a 1.8a 2.8a 3.5a 0.08a 0.39a 0.55a 0.75a 
 6  0.73a 1.7a 2.4ab 2.8ab 0.09a 0.35ab 0.45ab 0.65ab 
 9 0.49ab 1.5ab 1.7 bc 2.2 bc 0.04 b 0.23 b 0.33 b 0.50 b 
12 0.23 b 1.1 b 1.5 bc 1.7 bc 0.03 b 0.18 b 0.27 b 0.29 b 
15  0.19 b 1.0 b 1.2  c 1.4  c 0.02 b 0.14 b 0.20 b 0.23 b 
P  0.0002 0.01 0.002 0.01 0.006 0.02 0.013 0.04 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
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Table 5.15. Effect of irrigation interval on shoot and root lengths of E. 
camaldulensis seedlings in four subsequent harvests (H.1 to H.4) 
Irrigation 
 interval (days) 
Shoot  length (cm) Root length (cm) 
H.1 H.2 H.3 H.4 H.1 H.2 H.3 H.4 
3 35a 42a 50a 63a 20a 31a 37a 44a 
6 34a 42a 46ab 55ab 21a 32a 35ab 42ab 
9 30a 40ab 43ab 50 b 15ab 29ab 32 b 37 b 
12 23ab 36ab 44ab 50 b 12 b 25 b 31 b 36 b 
15 18  b 34 b 39 b 47 b 12 b 25 b 30 b 36 b 
P 0.001 0.03 0.03 0.01 0.0005 0.05 0.018 0.002 
 Harvests 1,2,3 and 4 were after 35, 75, 120, 165 days, respectively, from the start of the treatments 
which were applied after 45 day from seed sowing 
 Means with the same letters in the same column are not significantly different at 0.05 using Duncan 
Multiple Range test. 
Figure 5.8. Effect of irrigation interval on shoot diameter of E. 
camaldulensis seedling in four subsequent harvests (H.1 to H.4) 
Figure 5.9. Effect of irrigation interval on root diameter of E. 
camaldulensis seedling in four subsequent harvests (H.1 to H.4) 
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5.3.2 Survival  
The five studied species showed 100 % survival percentage until 120 days 
from the start of the treatments. After that the survival decreased 85 % for 
A. senegal and 75% E. camaldulensis at age 165 from start treatment 
(Table 5.16).  
Table 5.16. Effect of irrigation interval on survival percentage of seedlings 
of the five species at 165 days form start of the treatment 
Irrigation 
interval (days) 
A. nilotica 
(%) 
A. senegal 
(%) 
A.lebbeck 
(%) 
C.equisetifolia 
(%) 
E.camaldulensis 
(%) 
0.4 100 100 100 100 100 
2.0 100 100 100 100 100 
5.0 100 100 100 100 100 
10.0 100 100 100 100 100 
15.0 100 85 100 100 75 
5.4 Discssion  
This study investigated the effect of five irrigation intervals (3, 6, 9, 12, 15 
days) on seedling morphological growth parameters of five forest tree 
species. The results showed significant effect in most of the parameters 
investigated. The growth parameters of the five species decreased 
significantly with the increase in irrigation intervals, except for root length 
and root/shoot dry weigh ratio of A. nilotica, and shoot length, root length 
and root/shoot ratio of A. senegal, and root length of A. lebbeck and 
root/shoot dry weight ratio of E. camaldulensis. These result were in 
agreement with Khalil and Grace (1992), Pallardy and Rhods (1993), 
Ibrahim (1995), Aref and El-Juhany (1999 - 2001). Survival of the 
seedlings in such intervals suggests that they had showed a degree of 
drought tolerance. 
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5.4.1 Shoot length and diameter  
Mean shoot length decreased with prolonging the water intervals specially, 
(every 15 days) of the all species except A. senegal. These results were in 
agreement with results of shehata (1992) working with Cuperssus 
sempervirens and E. camaldulensis, Pokhriyal et al. (1997) with A. 
nilotica, El-Juhany and Aref (1999) with Leucaena leucocephala, and Aref 
and El-Juhany (1999) with A. asak, A. tortilis and A. gerrardi. They 
reported decrease in stem height with low water supply. Many workers 
have reported decrease in tree height due to water stress in seedlings 
(Metcalfe et al. 1990; Steinberg et al. 1990; Muhiuddin 1992; Ibrahim 
1995; Ibrahim et al. 1997- 1998; Srinivasan et al. 1989 and Omari 1994). 
The decrease of mean shoot diameter with the prolonging of irrigation 
intervals of five species studied is in agreement with the results of 
Awodola (1991) working with A. albida (Faidherbia albida) and A. seyal, 
El- Juhany and Aref (1999) with L. leucocephala, Aref and El-Juhany 
(1999) with A. asak, A. tortilis and A. gerrardi, Pokhriyal et al. (1997) with 
A.  nilotica, Srinivasan et al. (1989) with some Acacia species and Omari 
(1994) with four Acacia species. Diameter growth may be inhibited 
directly by water stress when cell tugor is low enough to prevent hormonal 
growth regulators from acting (Whitemore and Zahner 1967) or indirectly 
if effects of water stress are mediated by reduced synthesis and downward 
transport in the stem of hormonal growth regulator (Kozlowski 1982). 
5.4.2 Root length and diameter   
Mean root length decreased with prolonging the water intervals with 
reductions in mean root length with increase in irrigation intervals except 
for A. senegal and A. lebbeck. These results are in agreement with the 
results of Khalil and Grace (1992) working with sycamore, Ibrahim (1995) 
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with poplar and Pokhriyal et al. (1997) with A. nilotica. By contrast, 
Osonubi et al. (1992) found that Faidherbia albida (A. albida) tolerated the 
drought stress by producing long taproots whereas A. nilotica tolerated the 
drought stress by developing larger root systems able to explore a greater 
volume of soil. Seiler and Gazell (1990) concluded that extreme soil drying 
ultimately reduced root growth. This was supported by the results of the 
present study. Others obtained similar results with acacia species like 
Pokhriyal et al. (1997) working with A. nilotica; Awodola (1991) with A. 
albida and A. seyal. 
Mean root diameter decreased significantly with increase in irrigation 
intervals of the five species. These results were in agreement with Ibrahim 
(1995). The thinner roots produced by the water-stressed trees compared to 
those of the well-watered trees may be considered a mechanism for 
improving water uptake (Osonubi and Davies 1981 and Ibrahim 1995). 
Also, this could be a mechanism to allow penetration through soil to reach 
wet strata. 
5.4.3 Shoot dry weight 
Mean shoot dry weight decreased with increase in irrigation intervals in the 
five species. This is in agreement with of Roden et al. (1990) and Kleiner 
et al. (1992) who reported decrease of shoot dry weight with water stress. 
Also, Mohiuddin (1992) and Goenage (1994) reported those leaves and 
stem dry weight reduced by water stress. 
5.4.4 Root dry weight  
The reductions in root dry weight with increasing irrigation intervals in the 
five species supported the finding of Sharp and Davies (1985); Mohiuddin 
(1992); Pokhriyal et al. (1997), Awodola (1991) and Aref and El-Juhany 
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(1999). They reported a reduction in root dry weight as a result of water 
stress. In contrast, others observed an absolute increase in root dry weight 
as a result of water stress treatment (Sharp and Davies 1979 and Khalil and 
Grace 1992). Roots showed a high degree of morphological plasticity that 
enabled them to cope with water stress (Kummerow 1980). 
5.4.5 Production of dry matter 
Dry weight of stem, roots and consequently, total dry weight of the five 
studied species were reduced with water stress, with more reductions in the 
severe water stress treatment. These results concur with results of Myers 
and Landesberg (1989); Barrett and Ash (1992); Mohiuddin (1992); 
Goenage (1994) and Ibrahim et al. (1997- 1998). On the contrary, (Khalil 
and Grace 1992) found no effect of water stress on total dry weight. 
5.4.6 Root/shoot dry weight ratio  
The root/shoot dry weight ratio showed that there is no significant 
differences for five studied species with increase in irrigation intervals 
except for A. lebbeck and C. equisetifolia after 120 days from treatment. 
These results are contrary to those reported by Khalil and Grace (1992); 
McMillin and Wagner (1995) Ibrahim (1995) and Ibrahim et al. (1997, 
1998). They reported the increased root to shoot dry weight ratio under 
water stress. While the results were agreement with of Hipps et al. (1995) 
who found no effects for water stress on root/shoot dry weight ratio of red 
alder seedlings. However, A. leebeck and E. camaldulensis decreased of 
root/shoot dry ratio in the last period of the experiment only, indicates 
lower root growth with prolonged drought. Prolonged drought can limit 
plant growth and biomass production, and alter the allocation pattern of 
biomass, and even cause plant death (Gindaba et al. 2004 and Rodiyati et 
al. 2005). 
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5.4.7 Survival  
The results in Table (5.16) indicate that survival varied among the tested 
five species, where C. equisetifolia, A. nilotica and A. lebbeck showed 100 
% survival even at the 15 days of irrigation interval. It was followed by A. 
senegal (85%) and E. camaldulensis (75%). Survival of the seedlings in 
such level of soil drying suggests that they had showed a degree of drought 
tolerance. Chaves (1991) reported that plant survival during and after 
drought stress is, in part, possibly due to the maintenance of photosynthesis 
during drought stress, which allows rapid recovery of the plant after 
rehydration.  
General  
A. lebbeck showed the least ability in tolerating water stress. This was clear 
from the decreases that accounted for more than 82% in root dry weight, 
73% in shoot dry weight, 77% in total dry weight, 25% in root length and 
25% in stem length, 46% in root diameter and 35% in shoot diameter at 
harvest 4. A. senegal showed the high ability in tolerating water stress 
where the decreases were 43% in root dry weight, 42% shoot dry weight, 
42% in total dry weight, 22% in root length, 11% in stem length, 25 % in 
root diameter and 28% in shoot diameter. However, C. equisetifolia, E. 
Camaldulensis and A. nilotica, the decreases that accounted more than 66 
%, 67 % and 66 in root dry weight, 56%, 63% and 67% in shoot dry 
weight, 58 %, 63% and 67% in total dry weight, respectively. On other 
hand, compared to 3 days, the reduction until 50 % for A. senegal total, 
shoot and root dry weights at age 165 from start of the treatments was 
observed at the irrigation interval of 15 days. Also, the reduction for C. 
equisetifolia of 12 days (except root dry for 9 days), and A. nilotica and E. 
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camaldulensis were observed of 9 days. However, reduction was observed 
of 6 days for A. lebbeck. 
From results showed A. senegal and C.equisetifolia tolerant to water stress. 
Also A. nilotica and E. camaldulensis tolerance classified as moderately 
tolerant water stress. While A. lebbeck least ability in tolerating to water 
stress. 
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CHPTER SIX 
DISCUSSION 
General discussion 
The germination of the tested species under laboratory and nursery 
conditions showed that total germination percent decreased while the 
average days for germination (germination rate) increased with the increase 
in salinity. The general trend of the germination results was similar in the 
laboratory Petri dishes and nursery pots. For A. lebbeck the effect of 
salinity was evident at the level of 15 dSm
-1 
(total germination was 58 % 
and 20 % in Petri dishes and pots, respectively). This may be due to salt 
build up in the pots and even environment for the Petri dishes in the 
laboratory. 
The tested five species differed in their sensitivity or tolerance to salts. A. 
nilotica, A. lebbeck and A. senegal showed high salinity tolerance at 
germination where 50% total germination (SG 50%) was reached in up to 
10 dSm
-1
 level. These results are in agreement with Ramoliya and Pandey 
(2002 and 2006) and Hardikar and Pandey (2008) who reported 
 
that  A. 
nilotica, A. lebbeck and A. senegal are salt tolerant at the seed germination 
phase of plant growth, where SG50% were reached at 8.6 dSm
–1
, 9.5 dSm
-1 
and 5.9 dSm
-1
,
 
respectively. Also, A. nilotica showed high tolerance to 
salinity at seedling stage, where the 50% shoot, root and total dry weights 
were reached at 10 dSm
-1 
compared to the control.  On the other hand, A, 
lebbeck and A. senegal showed moderate tolerance to salinity at seedling 
stage, where the (50%) reductions in shoot, root and total seedling dry 
weights were reached at 5 dSm
-1 
level. E. camaldulensis was less resistant 
to tolerance where the 50% was reached for the germination percentage 
and shoot, root and total dry weight at 5 dSm
-1 
level. Also, C. equisetifolia 
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reached 50 % at 5 dSm
-1 
and 2 dSm
-1 
for germination and seedling growth 
parameters stage, respectively. These results agree with Abdalazeem 
(1988) who reported that A. nilotica is tolerant to salinity at germination 
and growth stages. Also, Pankaj et al. (2006) reported that A. nilotica 
tolerate salinity up to EC 7.5 dSm
-1
. However, the study showed that E. 
camaldulensis tolerated the levels of salinity (EC) applied up to 5 dSm
-1
. 
Aref et al. (2008) showed that E. microtheca and E. camaldulensis 
tolerated the levels of salinity up to EC 4 dSm
-1
. Webb et al. (1984) 
classified E. camaldulensis within the species tolerant to saline soils. The 
variation in species tolerance to salts was indicated by Brady and Weil 
(1996). Also, Khan (2003) reported some species, such as Haloxylon 
stocksii, Atriplex stocksii and Zygophyllum simplex, were not highly salt 
tolerant at germination, but showed a high salinity tolerance at the seedling 
growth stage. Also, Khan and Gul (1998) reported other species like 
Arthrocnemum macrostachyum, and Cressa cretica showed a higher 
degree of salt tolerance both at the germination and seedling growth stages. 
The five tested species in this study showed that most of seedling growth 
parameters decreased with the increase in salinity and water stress. The 
highest drop of shoot, root and total dry weights values in high level of 
salinity (15 dSm
-1
) is comparable to that of water stress (irrigation every 15 
days) for A. nilotica. The values for irrigation every 15 day were more than 
those at 5 dSm
-1 
level for A. senegal and C. equisetifolia and at 10 dSm
-1 
for E. camaldulensis. These results reflect the impact of environmental 
background in which the species naturally exist. A. senegal and C. 
equisetifolia showed greater tolerance of water stress as their natural 
habitat is dryland. Also, A. nilotica showed tolerance to salt may be 
through possession of the exclusion mechanism to salt, through the lower 
rates to contain the toxic elements such as Na. 
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Values for shoot and root lengths in the highest interval of water stress 
(every 15 days) were generally similar or higher than the values for salinity 
level of 2 dSm
-1 
of salinity stress experiment. Salinity can inhibit root 
growth by altering the external water potential, increasing ion toxicity, or 
causing an ion imbalance (Jaleel et al. 2007b). Also, Hardikar and Pandey 
(2008) reported that increasing salt stress significantly retarded stem and 
root elongation and dry weight of A. senegal.  
The root to shoot dry weight ratios were generally similar for A. nilotica, E. 
camaldulensis, A. senegal and C. equisetifolia for salt stress and water 
stress treatment (Tables 4.1, 4.2, 4.4, 4.5, 5.1, 5.2, 5.4 and 5.5). These 
results are contradictory to Ibrahim et al. (1998) who reported increased 
root to shoot dry weight ratio under water stress. 
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CHAPTER SEVEN 
CONCLUSIONS and RECOMMENDATIONS 
7.1 Conclusion  
The studies carried out evaluated the effect of salinity and water stress on 
germination and seedling growth of A. niloitica, A. senegal, A. lebbeck, C. 
equisetifolia and E. camaldulensis. The effect of salinity levels of irrigation 
water (concentration 0.4, 2, 5, 10 and 15 dSm
-1
) on germination showed 
that all species studied were able to germinate at the five salinity levels. 
The highest total germination percentage was obtained in 0.4 and 2 dSm
-1 
levels and above that it decreased with the increase in salinity. On the other 
hand germination rate increased with increase in salinity level. Differences 
among species in germination percent indicated variability in salt tolerance 
at the germination stage. A. lebbeck showed high tolerance (58% total 
germination at EC of 15 dSm
-1
) followed by A. nilotica (38%) and A. 
senegal (36 %). while C. equisetfolia and E. camaldulensis showed lower 
tolerance (17 and 10 %, respectively).  
Evaluation of the effect of salinity of irrigation water (EC 0.4, 2, 5, 10 and 
15 dSm
-1
) on seedling growth, survival and mineral content showed 
variation in response according to species. All the species showed 
continued growth at the studied salinity levels except A. senegal that 
stopped growth at 10 and 15 dSm
-1 
after 75 days from the start of the 
treatment. The species showed significant reduction in shoot, root and total 
dry weights with increase in salinity level of irrigation water. Reduction of 
50% compared to 0.4 dSm
-1 
was at 15 dSm
-1
 for A. nilotica, indicating its 
high tolerance to salinity. Whereas,  A. senegal, E. camaldulensis and A. 
lebbeck reached the 50% reduction at 10 and 15 dSm
-1
 and C. equisetifolia 
dropped to less than 50 % after 2 dSm
-1 
level. The simultaneous decrease in 
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shoot and root weights for the five species resulted in no significant 
differences in root shoot ratios with the increase in salinity. On the other 
hand, the length and diameter of shoot and root for the five species 
decreased with increase in salinity. The survival percentage showed 
variation among the species, C. equisetifolia had the highest percent (95%) 
at the salinity level (15 dSm
-1
) followed by A. lebbeck (80%), E. 
camaldulensis (60%) and A. nilotica (50%), while A. senegal showed the 
lowest survival percentage (25%).  
The tissue mineral content showed an increase in Na and Cl of the shoot 
and root tissues with the increase in salinity for the five species. The 
concentration of Na and Cl was, in general, greater in the root than that in 
shoot tissues. Significant variation was observed among the species in the 
accumulation of Na, Cl and Ca content in their tissues.  A. nilotica had the 
least Na content, pointing to a mechanism of ion exclusion leading to 
salinity tolerance. On the other hand, A. senegal had the highest content in 
shoot and root tissues, pointing to lack of effective mechanisms to control 
net uptake of Na and its transport to shoot tissues, leading to sensitivity to 
salinity expressed as low growth and survival. The soil ECe and SAR 
increased with increase salinity level. 
It is concluded that A. nilotica has tolerance to salinity up to 10 dSm
-1 
level 
with 80 % survival.  It was followed by A. lebbeck and E. camaldulensis at 
salinity level up to of 5 dSm
-1
 and were classified as moderately tolerant to 
salinity, while A. senegal showed sensitivity to salinity. However, C. 
equisetifolia showed drop in the accumulation of dry weight but high 
survival (95%) and was classified as tolerant to salinity.  
The evaluation of response to irrigation frequency (every 3, 6, 9, 12 and 15 
days) indicated continued growth even at 15 days irrigation frequency. The 
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results showed significant decrease in shoot, root and total dry weight with 
increase in irrigation intervals. However, there is variation among the 
species in the magnitude of the decrease. It can be concluded that A. 
senegal and C. equisetifolia have high tolerance. They were followed by A. 
nilotica and E. camaldulensis as tolerant while A. lebbeck had the least 
ability to withstand water stress. 
7.2 Recommendation 
1. The results achieved in this study, A. nilotica, A. senegal and A. 
lebbeck are recommended for planting in saline soils and planting of 
C. equisetifolia and E. camaldulensis should be avoided at 
germination stage. 
2. The study does not recommend any of the five species to be planted 
on sites having EC around 15 dSm
-1
 or receiving irrigation water 
with similar level of salinity, except C. equisetifolia. 
3.  A. lebbeck and E. camaldulensis which showed medium salt 
tolerance were preferable for reclamation of salt-affected land, 
particularly when the salinity is moderate or low. 
4. For sites having low salinity of 0.4 - 5 dSm-1 all of the five species 
studied can be used for a forestation and reforestation programs.  
5. C. equisetfoila can be used in sites with high salinity level up to 15 
dSm
-1 
 while A. senegal should be avoided. 
6. The results achieved in the water stress study, A. senegal, C. 
euisetifolia and A. nilotica and E. camaldulensis are recommended 
for planting in drought area and planting of A. lebbeck should be 
avoided at water stress. 
7. In the nurseries, irrigation frequency of up to 6 days of A. lebbeck 
and every 9 days on A. nilotica, E. camaldulensis C. equisetifolia. 
While every 12 days on A. senegal can be applied. 
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